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PREFACE 


The  use  of  PEM  in  military  systems  offers  several  advantages  over  ceramic  parts,  such  as 
weight,  size,  cost,  and  increasingly,  availability;  however,  historically  PEM  have  not  met  the 
most  stringent  reliability  requirements  of  mil-standard  specifications.  This  final  report  for  the 
Plastic  Package  Availability  (PPA)  Program,  a  Tri-Service  sponsored  effort  funded  tlirough  the 
Defense  Logistics  Agency  (DLA),  describes  the  results  obtained  from  the  investigation  of  this 
dilemma.  The  program's  objective  was  to  investigate  contemporary  technology  and  provide  a 
better  understanding  for  the  potential  use  of  plastic-encapsulated  microcircuits  (PEM)  in 
military  systems. 

This  program  investigated  and  tested  a  variety  of  PEM  components  and  attendant  issues  in 
order  to  better  understand  and  guide  the  military  and  its  suppliers  in  the  use  of  PEM  in  military 
systems.  The  program  goal  was  to  baseline  PEM  package  performance  capability  in  harsh 
environments  as  well  as  investigate  potential  material  improvements  which  might  be  achievable 
in  the  near  term.  John  Christensen  of  the  Manufacturing  Engineeiing/Research  Office  was  the 
DLA  program  manager  for  the  PPA  program.  The  DLA  program  office  was  supported  by  a 
government  steering  committee  comprised  of:  Dr.  Noel  Donlin,  Army-MICOM;  Leon  Lantz 
II,  DoD;  Greg  Pitz  and  Robert  Tonar  (interim  program  mgr.),  DESC;  Dan  Quearry,  NSWC- 
Crane;  James  Reilly,  USAF-Rome  Labs  and  Robert  Savage,  NASA-Goddard. 

National  Semiconductor  Corporation  (NSC)  was  the  prime  contractor  for  this  program  under 
Contract  No.  DLA900-92-C-1647.  Ron  Kovacs  was  the  program  manager  for  NSC,  in  the 
Packaging  Corporate  Technology  Group.  Comprising  the  PPA  performing  team  were  NSWC- 
Crane  Labs,  Dow  Coming,  Honeywell  Technology  Center  and  Commercial  Flight  Systems, 
Plaskon  Electronic  Materials/Amoco,  USAF-Rome  Labs  and  Sandia  National  Laboratories. 
This  team  covered  PEM  manufacture,  test,  environmental  stress,  die  coatings,  mold  materials, 
sensor  test  chip  development  and  failure  analysis. 

The  subcontracting  program  managers  were;  Crane,  Dan  Queariy';  Dow  Coming,  Robert 
Camilletti;  Honeywell,  Fred  Malver;  Plaskon,  Dr.  Nicholas  Rounds;  Sandia,  David  Peterson. 
Unfunded  additional  study  was  managed  by  James  Reilly,  Rome  Labs.  Additional  credits  for 
these  organizations  are  included  in  their  final  reports  which  are  contained  in  the  “Sections 
portion  later  in  this  report. 

This  report  is  organized  into  five  main  parts;  Executive  Summary,  Task  Discussion,  Results, 
Conelusions  (with  recommendations  and  suggested  areas  for  future  work)  and  Sections. 
“Sections”  includes  a  Materials  of  Construction  tutorial,  each  of  the  individual  performing 
team’s  Final  Reports,  the  Failure  Analysis  Final  Report,  and  Documentation,  eontaining  the 
NSC  HLC  Final  Test  Report  and  various  program  supporting  materials. 
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The  program  tasks  and  the  organizations  performing  work  for  those  tasks  are: 


TASK 

DESCRIPTION 

PERFORMER 

Task 

1.0 

Mil  IC  Pkg.  Criteria  Definition  &  System  Selection 

All  &  Honeywell 

Task 

2.0 

Plastic  Package  Criteria  Definition 

Plaskon 

Task 

3.0 

Mold  Compound  Formulation  and  Optimization 

Plaskon 

Task 

4.0 

Moisture  &  Corrosion  Test  Chip  Development 

Sandia 

Task 

5.0 

Assembly  of  Test  Devices 

National 

Task 

6.0 

RWOH  Coating  of  Test  Devices 

Dow  Coming 

Task 

7.0 

Device  Reliability  Testing 

Crane,  DC,  NSC 

Task 

8.0 

Device  Reliability  Analysis 

NSC,  Rome 

Task 

9.0 

Plastic  Usage  Specification 

Plaskon 

Task 

10.0 

Technology  Transfer 

All 

Task 

1  1.0 

Program  Management 

National 

Task 

12.0 

Data  Items 

National 

The  PPA  technical  supporting  team  at  National  Semiconductor  consisted  of:  Dr.  Randy  To, 
Manager  of  Packaging  Materials,  Andrea  Chen,  Mold  Engineer,  and  Dr.  Luu  Nguyen,  Sr.  Staff 
Program  Manager,  all  of  the  Packaging  Technology  Group;  Jeffrey  Weintraub,  Staff 
Statistician,  Corporate  QA;  Thomas  Pak,  Test  Engineer  and  Dr.  Robert  Byrne,  Sr.  Engineering 
Program  Manager,  both  of  the  Government  Technology  Business  Unit;  Rebecca  Simmons, 
Associate  Engineer  and  Joseph  Bendik,  Assistant  Program  Manager,  both  of  National’s 
Research  Lab. 
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EXECUTIVE  SUMMARY 


Background:  The  PPA  program  was  a  3  year  effort,  which  included  a  9  month  delay  for  loss 
of  funding  after  the  first  year,  concluding  in  November  of  1995  with  a  final  full-day  review  at 
the  SHARP  conference  in  Indianapolis,  IN.  In  addition  to  the  performing  partners  Navy-Crane, 
Dow  Coming,  Honeywell,  Plaskon,  AF-Rome,  and  Sandia  National  Laboratory,  an  effective 
government  steering  committee  comprised  of  USAF-Rome,  NSWC-Crane,  NASA-Goddard, 
Army-MICOM,  Huntsville,  DESC-Dayton,  DoD-Ft.  Meade  and  the  funding  agency,  DLA- 
Arlington,  gave  guidance  and  support  to  the  effort. 

In  the  course  of  the  program  execution,  a  detailed  plan  was  devised,  industry  surveys  were 
made,  field  data  was  collected  and  analyzed,  sensor  test-chips  were  developed  and  evaluated,  an 
extensive  PEM  experiment  was  conducted,  and  frequent  technology  transfer  activities  were 
undertaken;  including;  industry  updates  at  JC13  meetings,  mailings  to  interested  parties, 
workshops  with  the  government  steering  committee,  and  technical  papers  presented,  as  well  as, 
comprehensive  6  month  and  final  reviews. 

Task  Discussion:  This  report  documents  the  successful  completion  of  the  tasks  and 
deliverables,  contained  in  the  original  and  revised  “re-start”  Statements  of  Work,  for  contract 
No.  DLA900-92-C-1647  resulting  from  BAA  92-02-MLK,  Subarea  E2,  Plastic  Availability, 
awarded  to  National  Semiconductor  Corporation.  The  main  reliability  task  of  the  PPA  program 
benclimarked  present  day  PEM  capability  in  harsh,  military-like  environments.  The  program 
also  documented  an  OEM  users  experience  in  the  use  of  PEM  in  systems  aboard  commercial 
aircraft.  Other  significant  accomplishments  and  efforts  include  the  development  of  a  unique 
moisture/corrosion  sensor  test  chip,  evaluation  of  a  wafer-level  chip  hermetic  coating 
technology,  characterization  and  test  of  enhanced-performance  molding  compounds,  and  C- 
SAM/dye-penetrant  studies. 

Results:  The  following  are  the  key  results  from  the  program  tasks. 

1.  Extended  accelerated  life-testing,  at  Crane,  Dow  Coming,  and  National  on  PEM  produced  a 
total  of  285/1555  failures  for  study  (some  tests  were  run  purposely  beyond  the  device  ratings). 
Most  failures  (94%),  were  in  the  moisture  related  HAST  tests.  The  major  failure  mode  was 
metal  corrosion  initiating  at  the  bond  pad.  In  these  HAST  tests  the  following  variables 
significantly  affected  failure  rates: 

9  board  assembly  “preconditioning”  stress  simulation 
o  operating  voltage 
o  mold  compound  formulations 
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Two  temperatures  (130  °C  &  159  °C)  were  run  on  the  HAST  tests,  and  both  produced  similar 
failure  modes,  thus  allowing  the  calculation  of  activation  energies  and  prediction  failure-rate 
curves  for  times  vs.  temperature  and  voltage. 

Temperature  cycle  caused  12/36  of  the  high  lead-count  units  from  one  mold  compound  type  to 
fail  because  of  package-stress  caused  cracked  chip  dielectric. 

High  Temperature  Storage  did  not  produce  any  room  temperature  electrical  failures,  however, 
due  to  intermetallic  formation  between  the  gold  ball-aluimnum  bondpad  structure,  bond 
strengths  were  degraded  below  minimum  bond-pull  values.  Electrical  tests  at  125  C  showed  a 
high  gross-functional  failure  rate  on  these  same  devices,  whereas  only  minimal  bond  strength 
degradation  and  no  electrical  failures  occured  on  the  ceramic  control  parts  at  125  °C.  The 
ceramic  controls  use  an  aluminum-aluminum  bond  structure. 


Ceramic-hermetic  parts  made  effective  control  units  with  only  2/jOO  failures  for  all  life-tests 
combined. 

2.  System  user  experience,  by  an  OEM  (Honeywell),  in  using  careiiil  vendor  selection, 
qualification  and  parts  screening  reports  on  a  successfully  implemented  program  using  PEM  in 
commercial  avionics  guidance  systems.  Linear  technology  parts  required  special  attention.  In 
the  relatively  benign  environment  of  the  cooled  aircraft  equipment  bay,  acceptable  field  failure 
rates  were  obtained,  approaching  and  in  some  cases  exceeding,  those  failure  rates  observed  for 
ceramics.  Component  failure  rates  varied  significantly  between  systems.  Dry  storage  and 
balceout  procedures  were  adhered  to  before  board  assembly. 

3.  The  Nat-01  moisture/corrosion  test  chip,  developed  by  Sandia  National  Laboratories,  proved 
to  be  effective  in  sensing  moisture  and  corrosion  inside  the  PEM  package.  In  most  cases  the 
sensor  data  correlated  well  with  the  product-mold  compound  test  results.  Another  sensor,  the 
Assembly  Test  Chip  (ATC04),  previously  developed  by  Sandia,  also  measured  package  stress 
and  differentiated  between  the  test  mold  compounds.  The  NAT-01  will  be  offered 
commercially  by  Sandia  as  is  presently  done  with  the  ATC04. 

4.  The  wafer  level  coating  process,  developed  jointly  by  Dow  Coming  and  National,  with 
shared  funding  from  another  DoD  program,  on  a  best-effort  basis,  did  not  prove  successful  on 
the  first  attempt  to  passivate  product  wafers.  This  effort  is  being  continued  by  Dow  Coming, 
Samoff  Labs,  and  Microelectronics  Center  of  North  Carolina  under  a  USAF-WRDL  funded 
program  called  “Chip  Seal”.  An  update  of  this  program  was  given  at  the  final  review  and  is 
included  in  Dow  Coming’s  Section  in  this  report. 

5.  Plaskon  characterized  and  provided  enhanced  versions  of  several  of  their  commercially 
available  mold  compounds  for  the  DOE  component  build.  HAST  results  from  product  and 
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NAT-01  devices,  in  most  cases,  favored  the  use  of  '‘ionic  getter”  additives.  TC  results  from 
product  did  not  conclusively  favor  low-stress  formulations. 

6.  Work  by  USAF-Rome  Labs  on  product  from  the  life  test  experiment  showed  no  correlation 
between  initial  C-SAM  measurements  and  future  fails.  Dye-penetrant  studies  showed  a  leakage 
path  from  the  external  lead  to  the  bond  pad  on  a  preconditioned  SOIC  device.  The  mold  release 
waxes  in  the  compound  formulations  are  known  to  accumulate  at  the  internal  package  material 
interfaces,  and  thus  could  offer  an  enhanced  path  for  the  dye  chemicals,  which  would  not 
necessarily  hold  for  moisture,  per  Jim  Peterson  of  Piaskon. 

Key  conclusions:  With  proper  vendor  selection,  qualification  and  application,  PEM  can  give 
reliable  performance  when  used  with-in  manufacturer’s  maximum  specified  conditions,  in 
relatively  benign  environments.  Concern  continues  to  exist  for  operating  PEM  in  harsh  military 
like  environments  thus  precautions  should  be  taken  to  isolate  PEM  from  harsh  environments 
and  to  derate  operating  conditions  when  possible,  to  gain  extended,  longer-term  reliability.  This 
concern  is  a  result  of  the  three  main  failure  modes  experienced  in  the  accelerated  life-test  study. 
The  three  in  order  of  importance  (occurance),  are: 

1)  Moisture  remains  a  concern  for  all  PEM,  especially  when  conditions  of  aggressive  board 
assembly  processing  is  used,  and  the  accelerating  forces  of  higher  voltages  and/or  temperatures 
exist.  Absorbed  moisture  can  cause  immediate  package  integrity  to  be  compromised  during 
board  assembly  solder  operations  (popcorning,  although  not  observed  in  this  study,  is  an 
industry  concern),  or  corrosion  of  chip  metallizations  can  occur,  resulting  in  longer-term  device 
failure.  The  use  of  compound  getter  additives  did  not  show  an  advantage  in  all  cases. 

2)  Package  stresses  can  be  a  concern,  especially  for  larger  die/package  combinations,  in  that  the 
die  can  crack  from  extreme  cycling  of  temperature;  however  the  temperature  cycle  DOE  results 
did  not  confirm  the  value  of  using  low-stress  compounds. 

3)  Intermetallic  formation  in  the  gold-aluminum  wire  bond  structure  (unique  to  most  PEM), 
resulting  from  prolonged  exposure  to  high  temperatures,  and  in  the  presence  of  other 
contaminants,  results  in  severe  bond-strength  degradation  and  eventual  electrical  failure. 

Recommendations:  A  list  of  recommended  DO’s  and  DON’Ts  has  resulted  from  the  PPA 
program,  for  example;  use  board  assembly  “preconditioning”  prior  to  qualification,  which 
simulates  worse-case  board  assembly/repair  conditions”  and  “don’t  use  aggressive,  halide-based 
fluxes,  during  PEM  board-solder  assembly/repair”. 

Finally,  several  areas  for  future  work  are  recommended,  such  as  “determine  the  ‘culprit’ 
process  step(s)  in  the  preconditioning  flow”,  and  the  development  of  a  chamber  and  test  for 
determining  the  long-term  reliability  for  storage  and  intermittent  operation  of  PEM  in  realistic 
corrosive  environments. 
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PLASTIC  PACKAGE  AVAILABILITY  PROGRAM 


TASK  DISCUSSION 


TASK  DISCUSSION 


Background:  The  original  PPA  program  award  was  made  in  mid-’ 92  and  designed  for  a  2  1/2 
year  effort,  but  then  was  put  on  hold  by  the  DLA  for  lack  of  funding  less  than  a  year  later.  In 
the  spring  of  ’94  funding  was  again  secured  (although  reduced),  and  in  May  a  “re-start” 
announcement  and  review  was  held  at  the  Joint  Electron  Device  Engineering  Packaging  Council 
(JC13)  meeting  in  San  Diego  (See  Figure  1,  Plastic  Package  Availability  Program  Schedule). 

The  original  charge  of  the  program  was  to  evaluate  standard  commercial  PEM  under  military 
environmental  conditions  resulting  in  recommendations  for  PEM  “Mil-Specifications  and 
Standards”.  Only  commercially  available,  non-research  type,  plastic  molding  compounds  were 
to  be  evaluated.  Minor  modifications  were  to  be  allowed  to  evaluate  possible  “easy” 
enhancements  which  could  be  made  to  improve  PEM  reliability  under  harsh  environmental 
conditions. 

Tasks:  Please  refer  to  Figure  1,  Plastic  Package  Availability  Program  Schedule,  throughout  the 
Task  Discussion  for  task  organization,  schedules  and  subtask  detail. 

Task  1.0  Mil  IC  Package  Criteria  Definition  and  System  Selection. 

Subtask  1.1  Preliminary  Review  (all) 

A  preliminary  review  of  all  proposed  tasks  was  held  on  November  2nd,  1 992,  the  program 
subcontractors,  and  a  meeting  the  following  day,  was  held  with  members  of  the  government 
steering  committee  to  agree  on  final  approaches  and  time  schedules.  This  meeting  was  held  at 
NSWC-Crane.  All  tasks  and  schedules  were  agreed  on. 

A  “Materials  of  Construction”  tutorial  was  included  as  a  deliverable  in  this  subtask  and  is 
included  in  this  report  as  Section  1 . 

Subtask  1.2  System  Selection  and  Baseline  Description  (Honeywell) 

Honeywell  provided  the  system  user  perspective  to  the  PPA  program.  Honeywell’s 
Commercial  Flight  System  business  had  an  experience  base  using  both  ceramic  and  plastic 
devices  in  their  LRU’s  (line-replaceable  units).  This  subtask  involved  system  selection  for  the 
study,  identification  and  listing  of  all  integrated  circuit  (ICs)  components,  vendor  selection  and 
procurement  process  as  well  as  subsequent  part  processing,  production  and  repair  flow.  This 
subtask  was  completed  and  documented  in  an  interim  report,  and  is  included  in  Honeywell’s 
Final  Report,  (see  Section  8)  as  Appendix  B. 
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Task  2.0  Plastic  Package  Criteria  Definition  (Plaskon) 

This  task  primarily  was  to  select  epoxy  mold  compound  (EMC)  formulations  for  the  building 
of  plastic  encapsulated  microcircuits  to  be  assembled  in  task  5.0.  It  was  broken  into  two 
subtasks,  one  for  selection  of  baseline  formulations  and  the  other  for  review  of  commercial 
specifications  for  EMCs. 

Subtask  2.1  Select  and  Supply  Formulations 

Plaskon  selected  two  standard  commercially  available  EMC’s  as  the  baseline  compounds,  to  be 
used  in  the  design  of  experiment  (DOE)  designed  for  the  PPA  program  in  Task  7.1.  (See  Figure 
2,  PPA  DOE).  Their  3400  standard  compound  for  low  to  moderate  lead-count  packages  and 
ULS12H  formulation  for  high  lead-count  packages  requiring  low  stress  were  chosen  for  the  14L 
and  68L  packages,  respectively.  Please  refer  to  Plaskon’s  Final  Report,  Section  2,  Table  2,  for 
typical  material  properties  of  these  two  compounds. 


5  Volts  30  Volts  Preconditioned  Non-Precondltloned  Preconditioned  Non-Preconditioned 

I  ( 


t  1 

I  i 

L -  1--.  Accelerated  Reliability  Life  Test 


HAST  TC  HTS  OPL 

a  -65^C/150°C  175"^C  125°C 


8 — — 1 

130°C  159"C 


Figure  2 
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Subtask  2o2  Select  Gceeral  Specification 

Plaskon  surveyed  the  commercial  supplier  industry  tor  EMC’s  and  found  very  good  agreement 
for  the  established  properties  that  were  measured.  Also  the  semiconductor  user  industry  was 
surveyed  and  these  key  points  and  typical  qualification  tests  were  noted  concerning  EMCs. 

©  Ionic  purity  was  considered  important  for  device  reliability 
®  Flame  retardant  levels  (bromine)  are  minimized  for  optimum  HTS  reliability 
®  None  of  the  respondents  knew  of  any  device  field  failures  directly  traceable  to 
plastic  encapsulants 

©  Extensive  functional  reliability  testing  is  required  for  qualification  of  plastic 
encapsulants  but  device  reliability  tests  are  not  usually  included  in  mold  compound 
specifications 


Package  Assembly  Related 
Moldability  (flow  &  release) 
Wire  Sweep 
Void  Level 
Mark  Permanency 
Wire  Bond  Pull  Strength 
Line  Movement  (chip  metal  traces) 
Board  Adhesion 


Device  Performamce  Related 
Pressure  Pot,  15  psi/i26  °C 
Thermal  Shock,  -65  to  +150 
HAST,  130  /  85%  RH 

HTS,  175  /  200  °C 

Package  Crack  &  Delimitation  after: 
preconditioning,  85%  RH  /  85  and 
solder  reflow,  2 1 2-235  °C 


Refer  to  Plaskon’s  Final  Report,  Section  2,  Tables  3  and  4,  for  a  typical  EMC  procurement 
specification  and  a  recommended  specification  template. 


Task  3.0  is  comprised  of  three  subtasks:  3.1,  Compound  Formulation;  3.2,  Anti-popcorn 
Formulation  and  3.3,  Compound  Characterization. 


The  approach  elected  by  Plaskon  was  to  use  ultra-pure  epoxy  cresol  base  resins  to  reduce  the 
amount  of  total  hydrolyzable  chloride  content  in  the  EMC,  thus  reducing  the  available  ionic 
contamination  available  to  cause  bond  pad  corrosion.  Also  ion  scavengers  (getters)  were  added 
to  produce  the  these  higher  reliability  formulations.  Testing  at  Plaskon  showed  improved 
performance  with  these  enhanced  compounds  in  HAST  at  145  °C  and  HTS  at  200  °C. 
Elimination  of  the  flame  retardant  additive  (Bromine)  to  Plaskon’s  EMC  3400  also  showed 
improvement  on  200  °C  HTS,  but  this  was  not  considered  a  practicable  enhancement  at  this 
time.  See  Plaskon’s  discussion  of  task  3.1  (Plaskon  Final  Report,  Section  2),  for  added  detail 
and  data  (testing  at  Plaskon  should  not  be  confused  with  the  PPA  DOE). 
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Subtask  3.2  Anti-popcorn  Formulation  (9074.07  compound) 


This  task  was  added  at  the  time  of  the 
program  restart  due  to  an  industry  trend 
and  desire  to  use  thinner  surface  mount 
packages  and  concern  for  the  cracldng 
(popcorning)  of  these  devices  during 
solder  reflow.  Elaborate  diy-bagging 
procedures  (see  Figure  3,  Photocopy 
of  dry  bag  used  for  shipping  and  storing 
surface  mount  devices,  with  labeled 
moistuie/baking  instructions,  National 
Semiconductor)  are  I’equired  for  many 
surface  mount  device  types  to  preclude 
this  cracking  during  board  assembly. 
The  plastic  molding  compound  has  a 
proclivity  to  absorb  moisture  and  when 
quickly  heated,  such  as  in  a  solder 
reflow  IR  or  vapor-phase  furnace,  will 
crack  with  an  audible  noise  if  the 
plastic  is  not  strong  enough  to 
withstand  the  steam  pressure.  The  dry 
bag  in  Figure  3  stipulates  that  after 
opening  the  bag  the  units  must  be 
mounted  within  72  hours,  or  stored  at 
less  than  20%  RH  or  baked...  and 
several  bake  options  are  given,  before 
board  mounting.  The  reason  for  this  is 
shown  in  Figure  4,  which  shows 
moisture  take-up  for  the  4  HLC  mold 
compounds  selected  in  the  following 
subtask  3.3,  and  used  in  the  PPA  DOE. 
The  graphs  show  that  in  less  than  a  day, 
the  compoimds  have  reached 
approximately  50%  saturation  by 
weight  percent  at  the  accelerated 
conditions  of  1 59  °C/  85%  Rid. 


Figure  3  Dry  Bag  for  shipping  SMT 


Subtask  3.3  Compound  Characterization 

Plaskon  characterized  the  five  resulting  compound  formulations,  three  for  a  high  lead-count 
(HLC)  plastic  package  and  two  for  a  low  lead-count  (EEC)  package.  These  selections  included 
the  standard  EMC  3400  for  the  EEC  package  ,  and  low  stress  EMC  UES12H,  for  the  HLC 
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package,  higher  reliability  versions  of  both,  using  ultra  pure  resins  and  additive  getter 
compounds,  (to  remove  mobile  ionics),  as  well  as  a  high  strength  “anti-popcorn”  EMC  for  the 
HLC  package;  X9074.07.  These  compounds  all  fall  into  the  class  of  thermosetting  epoxy 
polymers.  Please  refer  to  Plaskon’s  Final  Report,  (Section  2)  for  a  detailed  discussion  of  the 
selection  rationale. 

Plaskon  prepared  the  5  test  compounds  in  their  Singapore  manufacturing  facility,  using  raw 
materials  from  the  same  lots.  Over  5  Kgm  of  each  was  shipped  under  refrigeration  to 
National’s  production  facilities  in  Malacca,  Maylasia  (3400  /  3400X  for  LLC)  and  National’s 
Singapore  facility  (ULS12H  /  ULS12HX  and  X9074.07  for  HLC).  Samples  of  the  Plaskon  test 
EMCs  plus  samples  from  the  National  standard  production  mold  lots  (B8/14/24)  were  sent  to 
Plaskon’s  research  labs  in  Springhouse,  PA  for  testing  and  characterization.  Both  lower 
chlorine  and  bromine  were  measured  on  the  liigh  reliability  “X”  versions.  It  was  felt  that  the 
lower  chlorine  could  have  resulted  simply  from  using  lower  chloride  epoxy  for  these 
formulations,  but  the  lower  bromine  has  to  be  due  to  the  action  of  the  scavenger  additive.  Refer 
to  Plaskon  Final  Report  (Section  2)  to  table  10  for  the  characterization  of  the  five  selected  test 
compounds,  and  table  14  for  the  three  NSC  standard  production  compounds. 


Weight  changes  during  HAST  at  159°C/85%  RH  on  test  chips  in  68-pin  PLCC 
(averaged  over  6  parts  in  each  group) 


Time  (hi^2) 


Sandia  National  Laboratories 


Figure  4 
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Task  4.0  Moisture  and  Corrosion  Test  Chip  Development  (Sandia) 

This  task  was  divided  into  five  subtasks,  and  then  a  best  effort  task  was  added  to  study  the 
HLC  device  using  the  Sandia  ATC04  (Assembly  Test  Chip)  stress  sensor.  The  subtasks  were 
4.1,  Test  Chip  Design;  4.2,  Develop  Test  Chamber;  4.3,  Develop  Test  Procedures;  4.4,  Test 
Chip  Calibration;  4.5,  Moisture  Specification,  which  included,  4.5a,  Delivery  of  Test  Chips  to 
National  for  use  in  the  DOE  and  4.5b,  Chip  Process  Specifications  and  GDSII  (design)  file. 
Refer  to  Sandia  Final  Report  (Section  3)  for  a  complete  discussion  of  these  tasks;  however, 
please  note  that  Subtask  4.2,  Develop  Test  Chamber,  was  included  in  the  Test  Chip  Calibration 
subtask  in  the  Sandia  report,  so  the  subtask  numbering  sequence  is  one  off  when  compared  to 
the  Gantt  Schedule  in  Figure  1 ,  and  with  the  discussion  that  follows. 

Subtask  4.1  Test  Chip  Design 

A  moisture  and  corrosion  sensor  chip  (NAT-01)  of  100  mils  on  a  side  was  designed  to 
accommodate  the  LLC  package  types  to  be  used  in  the  DOE.  The  design  is  shown  in  Sandia’s 
Figure  6  (Section  3).  A  triple  track  metal  trace  structure  is  shown  in  four  quadrants,  two 
passivated  and  two  unpassivated.  The  moisture  sensor  tracks  are  over  porous  silicon,  which 
change  capacitance  as  moisture  is  absorbed.  The  corrosion  sensor  tracks  are  over  silicon 
dioxide. 

Subtask  4.2  Develop  Test  Chamber 

A  test  chamber  was  developed  and  documented  to  calibrate  the  NAT-01  test  chip  designed  in 
Subtask  4.1.  See  Figure  11,  Precision  humidity  generator  functional  layout,  in  Sandia’s  report 
(Seetion  3),  for  a  schematic  of  the  test  chamber. 

Subtask  4,3  Develop  Test  Procedures 

Possible  test  set-ups  with  biasing  arrangements  are  shown  in  Figures  8  &  9  in  Sandia’s  report 
(Section  3)  for  the  moisture  and  corrosion  sensor  elements.  Figure  10  shows  a  typical  electrical 
measurement  set-up  for  the  NAT-01.  These  procedures  were  used  to  characterize  the  NAT-01 
in  Subtask  4.4. 

Subtask  4.4  Test  Chip  Calibration 

The  procedures  developed  in  Subtask  4.3  were  used  to  calibrate  the  NAT-01  test  chip  and 
show  robustness  of  the  chip  design  and  process.  The  NAT-01  die  that  were  to  be  supplied  to 
National  for  inclusion  in  the  DOE  were  characterized,  and  identification  maintained  by  wafer 
area,  so  that  Sandia  could  determine  the  effects  of  package  assembly  processing  on  the  sensor 
chip  electrical  characteristics.  A  number  of  "‘best  effort”  tasks  involving  in  situ  moisture  tests 
were  outlined  to  further  investigate  the  potential  applications  of  the  NAT-01.  Sandia  further 
broke  this  subtask  into  characterizing  the  moisture  monitor  and  characterizing  the  corrosion 
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monitor  in  their  final  report,  (Section  3).  Sensor  chip  data  is  given  for  the  various  mold 
compounds  used  in  the  PPA  DOE  in  Sandia’s  Table  III  for  passivated  NAT-01  elements,  from 
life-tests  run  at  both  Crane  and  Dow  Coming.  Sandia’s  Figure  22  shows  exposed  bond  pad 
voiding  failure  from  Crane  HAST  tests,  while  the  silicon  nitride  passivated  triple  track  sensor 
stmcture  remains  unaffected. 

Subtask  4.5  Moisture  Specification 

This  task  was  designed  to  produce  a  test  specification  for  the  NAT-01  similar  to  JEDEC  Test 
Method  Alio  for  HAST.  It  was  expected  that  the  hermetic  chip  coating  process  to  be 
developed  in  Task  6  would  be  available  in  time  to  allow  completion  of  this  task,  unfortunately, 
it  was  not.  The  procedures  and  methods  that  have  been  developed  and  tested  in  a  laboratory 
setting  for  the  NAT-01  should  be  adequate  to  continue  this  work  at  such  time  that  a  chip  seal 
process  becomes  available. 

In  excess  of  500  NAT-01  separated  chips  were  characterized  and  delivered  to  fulfill  Subtask 
4.5a  requirements  shown  in  the  PPA  Gantt  schedule.  Figure  1.  A  NAT-01  unit  process  (wafer 
fabrication)  flow  specification  and  a  GDS  II  design  file  tape  were  delivered  to  National  to  meet 
the  documentation  requirements  of  Subtask  4.5b. 

Subtask  4.6  Stress  Measurement  using  ATC04  (a  “best  effort  task”  included  mid-way  in 
the  program  at  the  suggestion  of  industry  observers-  not  shown  on  PPA  Schedule) 

The  ATC04  is  a  Sandia  developed  stress  sensor  chip  which  is  offered  commercially.  It  is 
designed  with  an  array  of  diffused  silicon  resistors  which  have  been  calibrated  to  measure  stress 
imposed  on  the  chip  from  the  package  materials,  through  the  piezoelectric  effect.  Temperature 
compensation  is  accomplished  with  a  diode  thermometer.  This  chip  was  used  in  a  side 
experiment  to  the  main  PPA  DOE  to  monitor  stress  after  the  assembly  operation  (die  attach 
and  molding)  using  the  different  test  compounds  for  the  68L-PLCC  package,  i.e.,  ULS12H,  - 
12HX,  X9074.07  and  the  B24  standard.  The  ULS12HX  low  stress  and  low  ionics  compound 
had  the  lowest  stress  after  assembly,  whereas  the  X9074.07  anti-popcorn  and  B24  had  the 
highest,  as  shown  in  Figure  27  of  the  Sandia  report.  Section  3.  This  is  followed  by  Figure  28 
which  shows  the  stress  relaxation  measured  on  these  parts  after  interim  steps  in  the 
preconditioning  flow  sequence  (temperature  cycle  and  solder  reflow). 

Task  5.0  Assembly  of  Test  Devices 

In  this  task  both  low  lead-count  EM  124  linear  quad  op-amps  and  high  lead-count  SCX6244 
CMOS  4.4K  gate  array  custom  digital  avionics  circuits  were  built  in  National’s  off-shore 
volume  production  facilities  to  fill  the  requirements  of  the  PPA  DOE  shown  in  Figure  2.  The 
ceramic  control  units  for  each  chip  type  were  assembled  in  National’s  Santa  Clara,  CA 
packaging  pilot  production  facility.  NAT-01  test  sensor  devices  were  also  assembled  in  each 
package  type,  although  these  are  not  shown  in  Figure  2.  Jim  Reilly  of  Rome  Labs  accompanied 
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National  packaging  engineers  from  Santa  Clara,  to  direct  the  assembly  builds  in  Southeast  Asia. 
They  were  assisted  by  local  National  assembly  engineering  and  production  personnel.  In 
addition,  for  the  set-up  of  the  mold  processes  involving  the  Plaskon  compounds,  engineers 
assisted  from  Plaskon’s  Singapore  production  facilities,  which  manufactured  all  the  Plaskon 
supplied  compounds. 

The  challenge  was  to  keep  the  builds  as  near  to  standard  production  as  was  possible,  but  yet 
maintain  sub-lot  identity  and  retrieve  sub-lot  assembly  monitor  data.  Special  treatment  was 
avoided,  but  yet  at  the  same  time  enough  attention  was  given  to  insure  that  when  the  builds 
were  done  and  in  test,  enough  good  units  would  result  to  meet  the  DOE  quantity  requirements. 
This  was  accomplished  by  both  over-building  and  by  assigning  sub-lot  identity  at  the  die  attach 
process  step,  which  immediately  follows  die  saw  (separation  from  the  wafer),  see  assembly 
process  flow.  Figure  5.  These  sub-lots  were  identified  as  to  the  special  marking  each  would  get 
just  prior  to  singulation,  identifying  mold  compound  used  and  whether  the  chip  was  a  NAT-01 
sensor  chip  or  a  product  chip. 

Subtask  5.1  Assembly  of  LLC  Test  Devices 

The  LLC  plastic  devices  were  assembled  in  National’s  Malacca,  Malaysia  plant  in  the  month  of 
August,  1994.  Four  linear  LM124  wafers  were  used.  The  ceramic  control  units  were 
assembled  in  National’s  Santa  Clara,  CA  facility,  in  14L  CERDIP  packages.  One  wafer  was 
partially  used.  (See  Figure  5,  PPA  Low  Lead-Count  Plastic  Assembly  Process  Flow). 


PPA  Low  Lead-Count  Plastic 

Assembly  Process  Flow 

1.  Die  Saw 

8.  X-ray  sample 

2.  2nd  Optical  (sample) 

9.  Post  Mold  Cure 

3 .  Die  Attaeh  (Lot  formation) 

10.  Die  Set  Deflash 

4.  Poly  Cure 

1 1 .  Media  Deflash 

5.  Wire  Bond 

12.  Mark  (include  EMC  type) 

6.  3rd  Optical  100% 

13.  Solder  Plate 

7.  Mold 

14.  Open  /  Short  test 

Figure  5 


The  LLC  plastic  build  was  split  into  14L-SOIC  Wide  Body  (surface  mount)  and  14L-MDIP 
(through-hole  mount)  standard  production  packages.  Both  packages  use  a  copper  lead-frame 
with  silver  coated  lead  tips  and  die  attach  paddle,  to  facilitate  bonding  (often  “down-bonding”  is 
used  from  the  chip  to  the  paddle  to  make  a  ground  connection,  but  is  not  required  on  the 


14 


LM124).  One  hundred  each  of  the  NAT-01  moisture/corrosion  sensor  test  chip  were  also 
assembled  in  the  two  14L  packages.  The  NAT-01  die  attach  required  manual  “hand”  die  attach 
because  the  die  had  been  separated  from  the  wafer  at  Sandia  and  put  in  die  waffle  packs  for 
shipment,  thus  losing  the  close  tolerance  orientation  required  for  automatic  die  attach.  The 
LM124  electrically  probed  product  wafers  however,  were  affixed  to  sticky,  stretch-  membrane 
and  wafer-sawed  per  standard  volume  production  “automatic”  die  attach.  Several  frames  of 
reject  die  were  also  assembled  with  each  sub-lot,  to  be  later  used  for  mold  set-up,  (see  Figures, 
1,  2,  and  3,  Section  4,  Documentation). 

All  product  builds  (with  sub-lot  identity  at  die  attach),  were  assembled  on  the  same  piece  of 
equipment  at  each  assembly  step,  at  the  same  time,  i.e.,  as  one  large  lot.  No  problems  were 
encountered  in  the  build,  all  yields  ran  the  typical  98+%.  At  mold,  each  compound  to  be  used 
(3400,  3400X,  B8  -MDIPs,  &  3400,  3400X,  B14-SOICs)  was  purged  through  the  gang-pot 
mold  press  and  then  several  test  “shots”  run,  using  the  lead-frames  assembled  with  reject  die. 
Visual  inspection  for  flashing  run-out,  mold  fill,  surface  pitting,  and  X-Ray  inspection  for  mold 
wire- wash  was  performed  (see  Figure  4  in  Section  4,  Documentation).  Only  minor  adjustments 
to  in-mold  cure  times  had  to  be  made  from  those  used  for  the  standard  B8  and  B14  compounds, 
to  accommodate  the  3400  and  3400X  Plaskon  supplied  compounds. 

In  addition  to  the  standard  product  and  date  code  marking,  the  mold  compound  used  was  also 
stamped  on  each  part.  Prior  to  shipping  back  to  Santa  Clara,  the  parts  were  100%  tested  at 
room  temperature,  pass- fail,  to  the  LM124  test  program.  Again,  test  yields  were  typical  for 
this  product  at  95+%,  and  there  was  negligible  difference  between  the  sub-lots.  The  assembly 
was  accomplished  in  a  weeks  time,  utilizing  1st  and  2nd  shifts  only,  so  that  engineering 
monitoring  could  prevail  to  preclude  part  mixing.  The  electrical  testing  and  shipment  to  Santa 
Clara,  CA  was  accomplished  the  following  week. 

In  Santa  Clara,  the  parts  were  preconditioned  (parts  ship/storage/board  assembly  simulation), 
per  the  flows  for  each  package  type  shown  in  Figure  6,  Precondition  Flow  Sequence.  Per  the 
DOE  plan  shown  in  Figure  2,  a  sufficient  number  of  parts  to  populate  the  “No  Precondition” 
branch  were  withheld  from  preconditioning.  The  parts  were  then  shipped  to  NSWC-Crane 
Labs  for  100%  post  preconditioning  electrical  screen  and  “zero-hour”  base-line  testing. 

Subtask  5.2  Assembly  of  HLC  Test  Devices 

In  August  of  1994,  during  the  week  following  the  LLC  build  in  Malacca,  in  Subtask  5.1  above, 
the  States-side  engineering  team  accomplished  the  build  of  the  HLC  68L-PLCC  SCX6244  parts 
in  a  similar  manner  to  the  LLC  build.  Again  they  were  assisted  by  local  National  and  Plaskon 
engineering.  While  in  Singapore,  both  Sumitomo  and  Plaskon  mold  compound  production 
facilities  were  toured  by  the  visiting  engineering  PPA  team,  including  Jim  Reilly  of  Rome  Labs. 
The  ceramic  quad  J-bend  (CQJB)  parts  were  assembled  in  Santa  Clara,  California. 

The  sex  6244  chip  is  about  15X  larger  in  area  than  the  LM124  chip.  It  is  made  with  a  more 
dense,  2  micrometer  CMOS  wafer  fabrication  technology,  on  6  inch  (150  millimeters)  wafers,  as 
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compared  to  the  more  mature,  LM124  product,  which  uses  linear  water  fabrication  technology 
equivalent  to  5  micron  teclmology,  on  four  inch  (100  millimeter)  wafers.  The  SCX6244  wafers 
also  have  an  organic  stress  relief  coating  applied  in  wafer  fabrication  tor  those  wafers  intended 
for  plastic  packaging.  Those  wafers  intended  for  ceramic-hermetic  assembly  do  not  require  the 
stress  relief  coating,  nor  does  the  much  smaller  LM124  die. 

As  with  the  LLC  assembly,  lots  were  formed  at  die  attach,  identifying  the  four  mold 
compounds  to  be  used,  ULS12II,  ULS12HX,  X9074.07  from  Plaskon  and  the  standard 
production  compound  used  by  National,  B24.  Each  device  was  marked  with  the  mold 
compound  used  for  its  lot,  and  this  identification  remained  visible  throughout  the  DOE  testing. 
The  parts  were  pass-fail  tested  at  room  temperature  in  Singapore  and  then  shipped  to  National 
in  Santa  Clara  for  preconditioning  (see  Figure  6,  Precondition  Flow  Sequence  for  68L-PLCC) 
and  base-line,  zero-hour  electrical  testing.  Refer  to  the  National  Semiconductor  Final  Report  for 
High  Lead-Count  Stress  and  Electrical  Testing  in  Documentation,  Section  7. 

Plastic  Package  Availability  Precondition  Flow  Sequence 


Figure  6 
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Task  6.0  RWOH  Coatjng  of  Test  Devices  (best-effort,  National  &  HoneyweM) 

This  task  was  officially  dropped  for  budgetary  reasons  when  the  PPA  program  was  re-started 
with  reduced  funding.  Since  National,  Dow  Coming  and  the  DoD  had  an  interest  in  chip 
coating  technologies  to  improve  plastic  device  reliability,  and  had  demonstrated  a  successful 
assembly  level  coating  in  the  RWOH  (Reliability  With-Out  Hermeticity)  program,  funded  by 
the  USAF-  Wright  Development  Laboratory,  work  was  continued  on  a  best-effort  basis. 


Subtask  6.1  Mask  Design  (National) 

National  designed  and  fabricated  several  pad  definition  and  pad  opening  masks  for  the 
SCX6244  wafers.  These  were  used  to  define  gold  pads  on  top  of  the  aluminum  pads  of 
finished  wafers,  and  openings  in  the  Dow  Coming  coatings  which  were  applied  after  the  gold 
pads  were  formed. 

Subtask  6.2  Coating  of  Test  Devices  (National  &  Dow  Corning) 

SCX6244  wafers  (150  millimeters  diameter,  intended  for  ceramic-hemietic  packaging,  sans  the 
organic  stress  relief  coating  normally  applied  to  wafers  intended  for  plastic  encapsulation)  were 
processed  to  the  flow  in  Table  1 . 


RWOH  Wafer  Level  Coating  Process  Flow 


i. 

Noble  Metal  Deposition 

NiV/Au  iy/2y 

National 

2. 

Pattern  Bond  pad 

Mask  8l  Etch  (wet) 

National 

3. 

Hermetic  Coat  Deposition 

FOx/SiC  10y/5kli 

Dow  Corning 

4. 

Open  Bond  pad 

Mask  &  Etch  (dry) 

National 

Table  I 

Preliminary  salt  spray  tests  run  on  the  coated  die  from  sawed  wafers  were  negative.  In  several 
minutes  considerable  bond  pad  corrosion  had  initiated.  Also,  many  of  the  bond  pads  appeared 
to  have  contamination  on  them.  Further  processing  was  terminated  at  this  point.  Analysis 
showed  possible  incomplete  pad  etch  in  step  4  above.  Also,  it  was  determined  that  the  2000 
angstroms  of  evaporated  gold  was  insufficient  for  adequate  corrosion  protection,  and  auger 
analysis  did  show  discontinuous  gold  regions.  It  is  thought  that  5000  angstroms  would  be  a 
better  thickness  for  future  efforts.  Please  see  the  Dow  Coming  Final  Report  (Section  5), 
subsection  1.0,  RWOH  Coating  of  Test  Devices  for  further  detail. 
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Task  7.0  Device  Reliability  Testing 

In  planning  the  DOE  shown  in  Figure  2,  there  was  concern  on  how  to  meet  the  time  and  budget 
allocation  for  the  task,  yet  cover  the  major  issues  at  hand...  i.e.,  how  do  PEM  perform  in  harsh 
militaiy-like  environments?  It  was  desirous  to  study  both  a  large  and  small  chip,  since  stress 
issues  are  usually  only  a  concern  on  larger  chips.  Also,  since  the  original  program  proposal  in 
1992,  the  interest  in  surface-mount  technology  (SMT)  had  increased  significantly,  so  a  small 
SOIC  SMT  device  was  added  for  comparison,  to  the  already  planned,  small,  14L  through-hole- 
mount  device,  and  68L-PLCC  SMT. 

In  addition  it  was  commonly  believed  among  the  PPA  team  that  preconditioning  (board 
assembly  simulation),  was  necessary  for  rating  and  grading  SMT  devices  and  should  be  done 
prior  to  any  qualification  life-testing;  however,  there  was  not  agreement  on  the  need  to 
precondition  through-hole  devices,  since  the  plastic  body  of  the  device  is  shielded  from  the  heat 
of  the  solder  bath  by  the  printed  circuit  board  during  solder  reflow.  Further,  it  was  suggested 
by  Peter  Brooks  of  Harris,  that  voltage  was  also  a  significant  accelerating  factor  in  PEM  HAST 
performance,  and  should  be  looked  at.  Finally,  it  was  desirous  to  evaluate  several  mold 
compound  variables  also,  such  as  ionic  getters  and  the  use  of  ultra-clean  starting  resins. 

So  the  “demand”  side  of  the  DOE,  determining  resources  needed,  contained  questions  about 
chip  size,  board-mount  technology,  preconditioning,  bias-voltage,  and  mold  compound  variables 
in  addition  to  the  various  accelerated  environmental  tests  that  would  be  used  to  differentiate 
between  these  variables.  On  the  resources  available  “supply  side”,  there  were  concerns  about 
the  number  of  devices  needed  to  populate  the  test-cells,  the  expense  of  HAST  and  bum-in 
boards,  the  availability  of  test  chambers  for  long  periods  of  time  (up  to  1  yr.),  how  many 
devices  (sockets  and  boards)  could  be  put  in  the  HAST  and  burn-in  chambers,  time-to-test  each 
device,  tester  availability  and  engineering  test-program  support.  In  addition,  logistics  between 
environmental  test  location  and  electrical  read-out  tester  location  needed  to  be  comprehended  in 
the  schedule,  i.e.,  it  had  been  planned  to  perform  environmental  test  at  Dow  Coming  on  the 
HLC  devices  and  electrical  read-out  test  at  National,  to  take  advantage  of  available  facilities  at 
each. 

Subtask  7.1  Test  Plan  Definition  (All) 

The  PPA  DOE  is  shown  in  Figure  2.  The  “Accelerated  Reliability  Life  Test”  plan  is  shown  at 
the  bottom  of  the  Figure.  LM124  linear  quad  op-amps  were  used  for  the  LLC  leg  of  the  DOE 
whereas  a  digital  circuit  using  the  SCX6244  gate  array  chip  was  used  for  the  HLC  leg.  The 
LM124  is  a  62X60  mil  sqr.  chip  and  the  SCX6244  is  a  259X262  mil  sqr.  chip. 

The  LM124  chip  is  small  enough  that  the  stress  relief  coating  often  applied  to  wafers  of  larger 
chips  is  not  required.  The  SCX6244  wafers  intended  for  plastic  do  have  the  stress  relief  coating. 
The  HLC  ceramic  control  units  came  from  wafers  without  the  polyimide  organic  stress-relief 
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coating,  so  to  be  rigorously  correct.  Figure  2  should  show  different  wafers  (same  product  chip) 
above  the  HLC  control  leg. 

The  B_  compounds  are  National’s  standard  production  plastic,  while  the  3400  &  ULS12H  are 
Plaskon’s  standard  plastic  for  these  type  packages,  and  the  X  compounds  represent  hi-rel 
versions  using  ultra-pure  resins  and  ionic-getter  additives.  All  of  the  SOICs  were 
preconditioned  prior  to  life-testing,  whereas  splits  were  made  for  the  MDIP  and  PLCC 
packages.  The  SOIC  HAST  legs  contain  the  voltage  split,  with  5  and  30  volts  representing  the 
specification  sheet  extremes  for  operating  bias  of  the  linear  quad  op-amp. 

The  choice  of  using  two  HAST  temperatures  was  driven  by  several  considerations.  The  first 
was  that  the  RWOH  coated  devices  were  not  expected  to  have  appreciable  failures  at  reasonable 
test  duration  times  and  normally  used  HAST  temperatures,  based  on  results  from  the  RWOH 
program;  accordingly,  it  was  decided  to  use  the  maximum  nominal  chamber  operating 
temperature  of  159  °C.  The  second  was  that  it  was  desired  to  run  two  different  HAST 
temperatures  so  that  activation  energies  could  be  calculated  (with  the  condition  that  the  failure 
mode/mechanism  be  the  same).  Since  there  was  controversy  over  the  use  of  a  temperature  in 
the  range  of  the  glass  transition  temperatures  of  the  mold  compounds  being  used,  it  was  decided 
a  second  temperature  should  be  run  as  a  backup,  and  at  a  value  more  accepted  and  used  by 
industry,  thus  130  °C  was  also  chosen. 

Please  see  Crane’s  Final  Report,  Section  6,  tor  LLC  Stress  and  Electrical  Testing,  and 
National’s  Final  Report  for  HLC  Stress  and  Electrical  Testing,  Documentation,  Section  4,  for 
detail  on  the  test  quantities  and  readout  points. 

Subtask  7.2  Benchmark  and  ReMabality  Testing  (Crane,  Dow  Corning  &  National) 

Numerous  problems  were  encountered  in  conducting  the  “Accelerated  Reliability  Life  Testing 
shown  in  the  PPA  DOE  of  Figure  2.  Dow  Coming’s  initial  receipt  of  HAST  test  boards  had 
incorrect  “low-temp”  passive  components  which  failed  during  the  first  week  of  159  °C  testing, 
so  the  boards  had  to  be  retrofitted  with  properly  rated  components,  thus  delaying  the  program 
about  a  month.  Devices  tested  at  159  °C  on  HAST  required  extra  cleaning  and  scraping  prior  to 
electrical  testing  to  remove  lead  contamination  build-up.  Eventually  this  caused  several  external 
leads  to  fall  off  during  testing  or  handling  on  both  the  surface-mount  LLC  and  HLC  devices. 

Scheduling  the  tester  at  National  and  achieving  fast  turn-around  times  for  the  HAST  and  Temp 
Cycle  (TC)  HLC  devices  sent  from  Dow  Corning  for  test  and  return,  often  took  as  much  as  two 
weeks  against  a  plan  target  of  1  wk.  Crane  miscalculated  the  amount  of  test  time  per  device 
that  it  would  take  their  tester  to  test  the  large  number  of  LLC  linear  devices  (several  minutes 
per  device).  Tests  other  than  HAST  produced  no,  or  very  few,  failures  for  the  life-test  time 
that  was  available  in  the  program  schedule. 
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Subtask  7.3  Moisture  Correlation  Tests  (Crane,  Dow  Corning  &  Sandia) 

Several  units  each  of  the  NAT-01  sensor  chip,  assembled  in  the  same  package  outline  and  with 
the  same  mold  compounds  as  the  product  test  units  were  included  in  the  HAST  tests  for  both 
the  LLC  and  HLC  devices.  These  devices  were  baseline  tested  at  Sandia  prior  to  being  sent  to 
Crane  and  Dow  Coming  for  the  LLC  and  HLC  HAST  testing  respectively.  Both  Sandia  in 
Section  3  and  Dow  Coming  in  Section  5  report  on  the  NAT-01  sensor  testing. 

Task  8.0  Device  Reliability  Analysis  (Honeywell) 

Subtask  8.1  Reliability  Prediction  Methodology 

Honeywell  reports  on  and  documents  their  reliability  prediction  methodology  for  both  PEM 
and  ceramic-hermetic  devices  used  in  their  avionics  guidance  business.  This  is  covered  in 
Honeywell’s  Final  Report  (Section  8),  in  their  Appendix  C. 

Subtask  8.2  Assessment  of  Fielded  Systems 

This  task  was  to  assess  and  compare  PEM  and  hermetic  failure  data  from  Honeywell  avionics 
fielded  systems  by  collecting  and  analyzing  this  data.  Honeywell's  Final  Report  (Section  8) 
focuses  mainly  on  this  task,  i.e.,  documenting  field  reliability  experience.  Honeywell  compares 
resulting  field  failure  rates  between  plastic  and  hermetic  devices  as  well  as  comparing  the  results 
against  predicted  failure  rates.  Factors  influencing  the  failure  rates  such  as  derating  and  thermal 
environment  are  also  discussed.  The  equipment  studied  operated  in  a  commercial  airborne 
equipment  bay  environment  where: 

1 .  normal  ambient  temperature  was  1 8°C  to  38°C 

2.  average  part  ambient  temperatures  are  on  the  order  of  50  °C 

3.  semiconductor  junction  temperatures  under  normal  conditions  are  <  85  °C 

4.  “  “  “  maximum  “  <110°C 

Seven  LRUs  are  included  in  the  study  and  the  data  includes  a  breakout  of  part  type  categories 
for  digital  ,  linear,  memory,  and  microprocessor.  The  time  period  covered  was  1989  through 
1994.  Total  equipment  operating  hours  ranged  from  668,000  hours  for  LRU  3  to  almost  10 
million  hours  for  LRU  7,  reference  Table  4.1.1,  Total  LRU  Equipment  Operating  Hours,  in 
Section  8. 

Task  9.0  Plastic  Usage  Specification  (Plaskon) 

The  original  goal  of  this  task  was  to  develop  a  set  of  military  specifications  by  selecting  and 
testing  a  number  of  commercially  available  epoxy  mold  compounds  (EMC’s),  or  near 
commercially  available,  with  only  minor  modifications  allowed.  This  was  later  amended  in  the 
restart  program  to  “a  set  of  specification  guidelines”. 
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Subtask  9.1  Materials  and  Testing  Specification 

In  fulfilling  this  task,  Plaskon  recommends  specifications  for  the  three  general  types  of  mold 
compounds  studied  in  this  program,  i.e.,  standard,  low  stress  and  anti-popcorn.  These  in-turn 
are  each  divided  into  two  sub-types:  Type  1  with  several  special  requirements  for  conventional 
molding  using  large  (many  units)  cavity  dies  requiring  long  injection  feeder  runs  and  Type  2, 
for  automated  gangpot  (small  dies)  with  short  feeder  runs.  These  are  shown  in  Table  2,  “ECM 
Specifications”. 

Task  10.0  Technology  Tramsfer  (All) 

Subtask  10.1  Information  Dissemination  Reviews 

Five  successive  reviews  at  JC13  packaging  technology  meetings  were  given  at  various  locations 
as  shown  in  Figure  1,  PPA  Program  Schedule  (under  line  item  no.  37,  Task  10),  with  published 
handout  material  furnished  and  also  mailed  to  various  interested  parties  as  documented  in  the 
monthly  R&D  reports,  ‘‘Trip  Report”  section.  Typical  attendance  at  these  reviews  was  35-75 
technologists,  mostly  from  the  Mil/Aero  industry.  National  typically  had  2-4  technologists 
representing  the  PPA  program  at  these  reviews.  Three  (3)  government  steering  committee 
workshops  were  also  held,  one  at  National,  Santa  Clara,  CA,  one  at  Plaskon,  Springhouse,  PA 
and  one  at  DESC,  Dayton.  OH. 

Subtask  10.2  Information  Dissemmation  Conferences 

Information  was  disseminated  at  three  conferences  including  the  Advanced  Technology 
Acquisition,  Quality  and  Reliability  Workshop  (5  papers  presented),  in  Newport  Beach,  CA, 
(8/95),  and  the  Standard  Hardware  Acquisition  and  Reliability  Program  (SHARP),  in 
Indianapolis,  OH,  for  the  6  month  re-start  review,  (11/94),  and  the  program  final  review, 
(1 1/95).  Also,  reviews  given  (or  planned)  but  not  shown  in  Figure  1,  were  at  NEPCON  SE,  ‘95 
in  Orlando,  FL,  (1 1/95)  and  Defense  Manufacturing  Conference  (DMC),  in  Dallas,  TX,  (1 1/95) 
and  tentatively  NEPCON  West  ‘96,  in  Anaheim,  CA,  (3/96) 
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EMC  Specifications 


iMoldability 


Spiral  flow. 


Ram  Follower  Gel  Time 


Hot  Hardness 


Flash  &  Bleed 


2  mil  Channel 


0.25  mil  Channel 


Thermal  Properties 


CTE 


Alpha  1 


Alpha  2 


Glass  Transition  Temp.  (Tg) 


Stress  Index 


Flammability 


Physical  Properties 


Flexural  Strength 


Flexural  Modulus 


Flexural  Strength 


Flexural  Modulus 


Specific  Gravity 


Ash  content 


Viscosity 


Electrical 


Dielectric  Constant 


Dissipation  Factor 


Volume  Resistivity 


Analytical 


Moisture  absorption 


Water  Extract  Conductivity 


pH  of  Extract 


Extractable  Sodium 


Potassium 


Chlorine 


Bromine 


Iron 


Total  Antimony 


Total  Bromine 


Standard 

Low  Stress  , 

Type  1 

Type  2 

Type  1 

Type  2 

Limits 

Limits 

Limits 

Limits 

Anti-popcorn 

Type  1 

Type  2 

Limits 

Limits 

Room  temp 


Room  temp 
215°C 


<3.5  <3.5  <2.0  ^.0 


>18 

>18 

<4.0 

<4.0 

>1.0 

>1.0 

<  150 

<150 

1. 5-3.0 

1.5-3.0 

75-90 

75-90 

<200 

<  150 

Xray  Fluorescence 


Xray  Fluorescence 


<  1..0  <  1..0 


Table  2 
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Task  11.0  Program  Management 


Subtask  11.1  Program  Management 

A  revised  Contract  Management  Plan,  CDRL  item  AO  14,  was  submitted  to  the  DLA 
contracting  program  office.  All  provisions  of  that  plan  have  been  complied  to  in  that  National 
Semiconductor  has  managed  and  coordinated  the  efforts  of  the  PPA  program,  and  has  assured 
compliance  with  government  regulations  and  procedures  through  requirements  set  forth  in 
National’s  internal  Standard  Operating  Procedure  (SOP)  1-472,  Procedures  for  Government 
Technology  Business  Unit  Contracts.  The  remaining  items  of  this  subtask,  i.e.,  timely 
submission  of  reports,  dissemination  of  information  gained,  and  assignment  of  a  single  program 
manager  reporting  directly  to  the  DLA  program  Contracting  Officer’s  technical  representative 
(COTR)  on  technical  matters  and  Contracting  Officer  for  contract  matters  have  been  met  as 
reported  on  in  Task  12.0,  Subtask  1 1.2,  and  Task  10.0  of  this  final  report. 

Subtask  11.2  Key  Personnel 

Key  personnel  were  constant  for  the  duration  of  this  program  with  the  exception  of  the 
program  manager  position,  which  was  revised  with  due  notification  and  authorization,  at  the 
time  of  re-start.  This  change  was  necessary  due  to  re-assignment  of  John  Jackson,  the  original 
program  manager,  during  the  hold  status  mid-way  in  the  program.  Ron  Kovacs  of  National  s 
Package  Technology  Group  managed  the  program  from  the  time  of  re-start  in  May  of  *94  with 
support  from  Dr.  Bob  Byrne  of  the  Government  Technology  Business  Unit  (GTBU).  Drs. 
Randy  Lo  and  Luu  Nguyen,  also  of  the  Package  Technology  Group,  acted  as  program  technical 
advisers  for  the  duration  of  the  program.  Dennis  Ralston  of  GTBU  was  the  contracting  officer 
and  administrative  point  of  contact  for  the  program. 

Task  12.0  Data  Items 

This  task  was  divided  into  13  subtasks  in  the  contract  management  plan,  technically  12.1.1 
through  12.1.13.  For  brevity,  only  the  ongoing  activity  of  preparing  monthly  financial  and 
technical  reports  are  expanded  on  below,  and  are  shown  in  the  PPA  Program  Schedule  {Figure 
1),  as  subtasks  12.1  and  12.2.  For  completeness;  however,  the  13  subtasks  have  been  delivered 
(this  final  report  and  it’s  presentation  at  the  November  SHARP  conference  in  Indianapolis 
complete  the  list),  and  include:  12.1.1,  Program  Plan;  12.1.2,  Functional  Test  Plan;  12.1.3, 
Functional  Test  Report;  12.1.4,  Material  Specification;  12.1.5,  Process  Specifications;  12.1.6, 
Reliability  Test  Plan;  12.1.7,  Reliability  Test  Report;  12.1.8,  Technology  Transfer  Plan; 
12.1.9,  Funds  and  Man-hour  expenditure  Report  (monthly);  12.1.10,  R&D  Status  Report 
(monthly);  12.1.11,  Contract  Funds  Status  Report  (quarterly);  12.1.12,  Scientific  and 
Technical  Report  (final);  and  12.1.13,  Presentation  Material. 
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Task  12.1  Monthly  Financial  Reports  (Natio:ial) 

Monthly  financial  reports  have  been  submitted  by  National’s  Government  Technology 
Business  Unit  detailing  expenditures  for  labor,  materials,  outside  services,  subcontractor 
payments  and  overhead,  in  a  timely  manner  to  the  DLA  contracting  program  office,  throughout 
the  performance  of  the  PPA  contract. 

Task  12.2  Monthly  R&D  Reports  (National) 

A  total  of  25  monthly  R&D  reports  have  been  submitted  to  the  DLA  program  office  as  well  as 
the  PPA  government  steering  committee  and  other  designated  government  persons,  in  a  timely 
fashion,  during  the  active  duration  of  the  PPA  contract. 
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PLASTIC  PACKAGE  AVAILABILITY  PROGRAM 


RESULTS 


Task  4.0  Moisture  and  Corrosion  Test  Chip  Development  (Sandia) 

The  NAT-01  moisture  sensor  with  the  porous  silicon  technology  did  react  to  moisture,  and 
gave  readings  to  suggest  that  it  may  be  effective  as  a  pin-hole  detector  on  passivated  die.  It  also 
was  capable  of  surviving  300  °C  for  4  hours  in  three  different  ambients,  air,  N2  and  vacuum  and 
remained  functional,  which  indicates  that  it  could  withstand  most  assembly  high  temperature 
processing. 

The  corrosion  sensor ,  which  is  not  new  technology,  but  is  desirable  to  have  on  the  same  chip 
with  the  moisture  sensor,  was  quite  effective  in  predicting  early  fails;  however,  correlation  with 
product  failures  by  mold  compound,  was  mixed  between  tests  run  at  Sandia,  Crane  and  Dow 
Coming.  This  could  be  due  in  part  to  the  small  sample  sizes  used  for  the  sensor.  See  Sandia’s 
final  report  (Section  3),  for  a  full  discussion  and  data  on  the  NAT-01.  Also,  it  should  be  noted, 
that  the  lOOmil  X  lOOmil  square  chip  when  put  in  the  relatively  large  PLCC  and  CQJB 
package  outlines,  results  in  long  wire  lengths  which  violate  the  construction  design  rules  (wire 
sag  and  mold  sweep).  This  was  waived  (and  did  not  appear  to  cause  a  problem),  in  order  to  get 
sensor  data  in  these  package  types.  Sandia  intends  to  make  this  chip  available  commercially. 

The  ATC04  was  effective  in  distinguishing  between  stress  levels  for  the  various  mold 
compounds  on  finished  devices  as  well  as  stress  changes  from  assembly  processing  steps  and 
post  assembly  preconditioning  steps.  Figures  27  and  28  in  Sandia’s  Final  Report  (Section  3), 
displays  this  data.  The  ATC04  has  proven  to  be  an  excellent  stress  monitor  for  PEM.  Sandia 
offers  this  sensor  chip  commercially. 

Task  7.0  Device  Reliability  Testing  (Crane,  Dow  Corning  and  National) 

Radiation  Testing  :  As  part  of  the  reliability  testing  program,  14L-MDIP  LM124s  were 
submitted  for  radiation  testing.  The  results  were  similar  to  those  previously  obtained  for 
ceramic  LM124s.  There  were  no  parametric  electrical  failures  up  to  lOOK  Rads  total  dose  level. 
Parametric  failures  occurred  between  lOOK  and  150K  Rads.  Functional  failures  occurred  above 
200K  Rads. 

Accelerated,  Harsh  Environment  Life-Testing:  The  results  from  over  6  months  of 
accelerated  environmental  stress  testing  generated  a  total  of  287  failures  for  1855  total  devices 
tested,  including  the  ceramic  control  units.  The  breakout  for  ceramic  and  plastic  results, 
between  the  various  stress  tests,  are  given  in  Table  3.  The  tests  were  designed  to  generate 
failures  and  make  distinction  between  the  variables  included  in  DOE,  i.e., 

voltage,  mold  compounds,  and  HAST  temperatures,  in  a  time  period  consistent  with  the 
program  schedule  and  budget.  To  accomplish  this  some  of  the  test  conditions  were  beyond  the 
recommended  operating  ranges  of  the  plastic  devices  (see  Figure  1 0  in  Documentation,  Section 
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4),  and  this  strategy  worked  quite  well  for  HAST,  but  to  a  much  lesser  degree  for  the  other 
tests,  as  can  be  seen  in  Table  3,  with  relatively  few  failures  in  the  non-HAST  tests.  As  can  be 
seen  with  only  2/300  total  failures  for  all  tests  combined,  the  hermetic-ceramic  units  provided 
effective  control  vehicles,  verifying  good  silicon  starting  chips,  and  providing  a  baseline  for  the 
test  methods,  procedures  and  handling.  The  numbers  that  were  summed  to  make  Table  3  came 
from  the  Master  Failure  Analysis  Chart,  Figure  12. 


DOE  RESULTS  (fails/total  tested) 


Totals 

HAST 

130  °C 

HAST 
159  °C 

TC 

-65  °C  /  150  °C 

HTS 

175  °C 

OPL 
125  °C 

CERAMIC 

2/300  0.7% 

1/52 

0/54 

1/75 

0/95 

0/24 

PLASTIC 

285/1555  18% 

79/280 

190/285 

12/444 

4/426 

0/120 

Table  3 


The  analysis  of  the  DOE  results  are  given  in  graphical  representation.  Figures  17-37.  Key 
excerpts  from  the  Failure  Analysis  Report  (Section  9),  are  given  in  Figures  7-11.  These 
analysis  and  excerpts  form  the  supporting  basis  for  the  conclusions  and  recommendations 
derived  from  the  Device  Reliability  Testing  task  of  the  PPA  program. 


Figure  1  shows  gross  corrosion  on  the  bondpads  and  circuit  metalization  of  a  failed  LLC  plastic 
unit  after  216  hrs.  of  HAST.  This  corrosion  is  typical  of  the  most  prevalent  failure  mode 
experienced  on  the  LLC  devices  and  is  related  to  moisture,  further  accelerated  by:  temperature 
as  shown  in  the  graphs  of  Figures  17,  18  and  20  (for  DlPs  &  SOlCs  @  130  C  vs.  159  C), 
preconditioning  as  shown  in  Figure  19  (for  DlPs  w/precon  vs.  no-precon)  and  voltage  as  shown 
m  Figure  21  and  22  (SOlCs  @  5V  vs.  30V).  This  corrosion  on  the  LLC  LM124  devices  was 
most  advanced  on  the  power  and  ground  leads  (pins  #4  &  #\\),  but  occurred  on  other  pads 
also.  The  shorter  lead-length  paths  from  the  package  sides  (pin  #s  3-5  and  10-12)  typically  had 
more  corrosion  (started  earlier)  than  the  end  pins  of  both  14-lead  SOIC  and  DIP  packages. 
This  suggested  that  the  interface  between  the  lead-bondwire-bondpad  and  mold  compound  was 
the  primary  moisture  ingress  pathway.  This  was  further  supported  by  Dye-Penitrant  analysis 
performed  by  Rome  Labs  on  one  of  the  SOIC  devices,  shown  in  Figure  13,  (also  reference 
Rome  Final  Report,  Section  7). 


Figure  8  shows  bondpad  corrosion  of  a  failed  HLC  plastic  device  after  216  hrs.  of  HAST.  The 
bondpad  metalization  on  the  SCX6244  die  is  aluminum-silicon-copper,  compared  to  pure 
aluminum  for  the  LLC  (this  might  account  for  the  different  appearing  corrosion  between  the 
LLC  and  HLC  devices;  also  the  LLC  corrosion  appears  more  severe).  This  corrosion  was  the 
most  prevalent  failure  mode  identified  in  the  FILC  failures  and  again  is  related  to  moisture, 
accelerated  by  temperature,  as  shown  in  Figure  30  (PLCCs  @  130  °C  vs.  159  °C),  and 
preconditioning  as  shown  by  comparing  Figures  30  &  31  (PLCCs  w/o  &  w/preconditioning). 
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Taken  from  F/A  report.  Section  9.  Shows  gross  corrosion  on  bond  pads  and  circuit  metallization 
after  216  hrs.  of  HAST  at  159°C, 


Also,  Figure  14  shows  a  C-SAM  photo  of  a  68L-PLCC  before  and  after  preconditioning,  from 
both  the  top  and  bottom  with  delamination  observable  only  on  the  backside  of  die  paddle 
(between  the  mold  compound  and  leadframe).  Moisture  can  accumulate  in  these  delamination- 
caused  gaps  and  provide  a  potential  source  for  corrosion. 

The  second  bonds  (wire-to-leadframe  as  opposed  to  first  bond,  wire-to-die),  typically  showed 
no  corrosion.  The  second  bond  for  the  plastic  packages  involves  gold  wire-to-silver  spot-plated 
copper  and  this  is  a  much  more  inert  system,  than  the  gold-aluminum  system  of  the  first  bond. 
Corrosion  was  the  most  prevalent  PEM  failure  mode  for  the  total  DOE. 

Figure  9  (top  photo),  shows  evidence  of  dielectric  stress  cracking  on  a  HLC  plastic  device  after 
2000  temperature  cycles.  One  group  only,  of  compound  ULS12H,  had  any  failures,  12/36,  as 
shown  in  the  graph  of  Figure  29,  Temperature  Cycle  of  PLCC  vs.  CQJB  (for  detail  see  Master 
HLC  Failure  Analysis  Chart  in  Section  9).  The  LLC  plastic  had  no  failures,  as  shown 
graphically  in  Figure  24  for  Temperature  Cycle  Performance  of  LM124  Plastic  DIPs  vs. 
SOICs,  out  to  1512  temperature  cycles  at  which  point  the  test  was  terminated  for  time 
constraints  (for  detail  see  Master  LLC  Failure  Analysis  Chart  in  Section  9).  Cracks  in  the 
comers  of  the  failed  large  dice  topside  dielectric  passivation  were  evident  when  decorated 
w/KOH  etching  solution  (underlying  aluminum  circuit  traces  etched  away).  Evidence  of  cracks 
did  not  exist  for  non-failed  die  from  the  other  HLC  TC  test  compounds,  such  as  the  X9074 
compound  (bottom  photo  in  Figure  9).  Dielectric  stress  cracking  was  2nd  most  prevalent 
failure  mode  for  the  total  DOE,  although  only  affecting  the  HLC  devices. 

Figure  10  shows  the  formation  of  gold-aluminum  intermetallic  at  the  gold  ball-aluminum 
bondpad  interface  of  a  non-failed  HLC  device  after  4125  hrs.  of  high  temperature  storage.  No 
failures  were  generated  by  HTS  as  shown  by  the  graph  in  Figure  25,  High  Temperature  Storage 
@  175  °C  for  PLCC  vs.  CQJB,  for  the  standard  room-temperature  electrical  readouts;  however, 
when  the  same  devices  were  tested  at  125  °C,  26/47  showed  gross-functional  failure.  The 
results  of  the  125  °C  test  by  mold  compound  showed  the  X9074  anti-popcorn  to  be  far 
superior  to  the  other  compounds  for  passing  gross  functional:  (see  Table 4) 


Mold  Compound  (pass/total):  X9074  (16/17);  B24(5/16);  ULS12H  (0/14);  CQJB  (42/42) 

note;  these  units  had  no  initial  baseline  testing  at  hot  temperature,  but  hot  testing  of  the 
ceramic  control  units  after  the  4125  hrs  showed  no  fails,  which  validates  the  plastic  hot  test 
results. 


Table  4 

The  intermetallic  of  the  gold-aluminum  system  is  known  to  be  brittle,  can  be  accelerated  by 
other  contaminants,  and  grows  w/temperature,  weakening  the  bond  strengths,  as  shown  in  the 
plots  of  Figure  27,  Affect  of  HTS  on  Wire  Bond  Strength  in  PLCC:  PRE  HTS  vs.  Post  HTS. 
A  majority  of  the  bond  strengths  have  degraded  to,  or  below  the  minimum  strengths,  specified 
for  the  gold  wire  used. 
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KOH  Etch 
Passivation  Cracks 
@  2000  Temperature  Cycles 
ULS12H  Vss  Pin  45 


KOH  Etch 

No  Passivation  Cracks 
@  2000  Temperature  Cycles 
X9074  Vss  Pin  45 


Figure  9 

Taken  from  F/A  report,  Section  9.  Shows  evidence  of  dielectric  stress  cracking. 


31 


Figure  JO 


Cross  section  at  lOOOX  to  better  show  intermetallic  (  AuxAly)  region  formed 
between  the  gold  ball-aluminum  bondpad.  Top,  0  lu.  and  bottom,  4125  hr. 
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Figure  26,  Affects  of  Wire  Bond  Strength  in  CQJB;  PRE  HTS  vs.  Post  HTS,  shows  plots  for 
the  aluminum-aluminum  bond  strengths  of  the  hermetic-ceramic  control  CQJB  from  the  HTS 
test.  Although  the  CQJB  bond  strengths  have  somewhat  degraded  they  are  still  well  above  the 
minimum  for  the  aluminum  wire  used.  Figure  1 1  shows  a  cross-section  through  this  aluminum- 
aluminum  bond  system,  which  is  used  in  most  hermetic-ceramic  packages,  for  comparison  to 
the  gold-aluminum  system  of  Figured),  which  is  used  in  most  plastic  devices.  As  expected,  no 
signs  of  an  intermetallic  are  observable  in  the  aluminum-aluminum  bond  cross-section  of  Figure 
10. 

Figure  1 5  shows  the  “wedge”  second-bonds  of  both  the  hermetic-ceramic  CQJB  (aluminum 
wire-to-gold/nickel/tungsten  metallized  ceramic)  and  PLCC  (gold  wire-to-silver,  spot-plated 
copper  leadframe)  after  4125  hrs  of  HTS.  Typically  no  corrosion  or  bond  strength  degradation 
was  found  on  the  second-bond  structures. 

Figure  23,  High  Temperature  Storage  Performance  of  LM124  Plastic  ICs:  DIP  vs.  SOIC, 
shows  the  few  failures  (for  the  room  temperature  readout  testing  used,  4/150),  that  were 
generated  for  the  HTS  for  all  of  the  LLC  plastic.  It  was  assumed  the  same  intermetallic 
mechanism  existed  in  these  LLC  devices  and  due  to  time  limitations,  no  125  °C  testing  nor 
further  failure  analysis  was  performed. 

Figure  28,  Operating  Life  Performance  @  125  °C  for  PLCC  vs.  CQJB  graphically  shows  no 
failures  for  all  HLC  tested  out  to  4000  hrs.  This  test  produced  no  failures,  and  thus  no 
distinction  between  variables,  and  resulted  in  learning  only  that  within  a  warm,  dry 
environment,  the  large  plastic  PLCCs  did  exceptionally  well. 

Figures  32  and  33,  Moisture  Performance  of  Surface  Mount  Packages  at  130  °C  and  159  °C 
respectively,  for  PLCC  vs.  SOIC,  give  additional  information  for  comparing  the  LLC  and  HLC 
devices.  Since  the  68L-PLCC  devices  uses  a  very  large,  complex  chip  (SCX6244-4.4K  gate 
array)  vs.  the  relatively  small,  looser  geometry,  LM124  in  the  14L-S01C  the  results  are  what 
might  be  expected  with  the  SOIC  outperforming  the  PLCC  on  HAST  at  both  temperatures. 

Task  8.0  Device  Reliability  Analysis  (Honeywell) 

Honeywell’s  full  report  with  accompanying  results,  data  and  statistical  treatment  of  that  data  is 
contained  in  Section  8,  Honeywell  Final  Report.  Honeywell  includes  Appendices  A 
(Component  Derating  Criteria),  B  (Practices  and  Procedures  for  Using  PEM)  and  C  (Reliability 
Prediction  Methodology)  to  support  this  main  field  reliability  analysis  task.  Honeywell 
concluded  that  “The  results  of  (their)  study  confirm  that  the  approach  Honeywell  has  taken  in 
the  use  of  (PEM)  for  the  commercial  avionics  environment  has  maintained  product  reliability; 
i.e.,  the  use  of  (PEhf)  has  not  been  observed  to  degrade  product  reliability  in  commercial  air 
transport  applications.  ” 
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Figure  II 


Shows  cross-section  of  aluminum  wire  bond  to  akuninum  bondpad  (for  a  comparison  to  Gold 
Ball-Aluminum  Bond  Pad  cross-section  in  figure  1 0)  on  SCX6244  68L  -  CQJB,  after  0  hr. 
(top)  and  4125  lus.  (bottom)  of  HTS  at  175°C,  and  lack  of  intermetallic  as  expected. 
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MASTER  FAILURE  ANALYSIS  CHART 

\\  =  ET  failures  found  in  cell 


Packaqe  130°C  HAST  159°C  HAST  TC-65°C/150°C  HTS  175°C  PPL  125°C 


Control 
68L  CQJB 


Preconditioned 
Non-Precondition  ed 


68L  PLCC 


5  Volts 
30  Volts 


14L  SOIC 


0/22 

1296  Hrs 


22/40 

@  1296  Hrs 
0/60 

@  1296  Hrs 

1/45  X 
@  1080  Hrs 

30/45  X 
@  1080  Hrs 


0/24 

@  648  Hrs 


44/63  ^ 

@  216  Hrs 

9/42  X 
@  648  Hrs 

29/45  X 
@648  Hrs 

39/45  X 
@  216  Hrs 


0/25 

@  2000  Cycles 


12/144 

@  2000  Cycles 


0/45 

:  4125  Hrs 


0/72 

1  4125  Hrs 


0/24 

@  4000  Hrs 


0/60 

@  4000  Hrs 


0/150 

1512  Cycles 


0/54 

!  4125  Hrs 


0/150 
1512  Hrs 


0/60 

@  4000  Hrs 


Not  Performed 


Figure  12 

The  color  shows  the  degree  of  concern  (severity)  for  the  3  types  of  PEM  degradation  failure 
mechanisms  generated  in  the  DOE. 
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Moisture  Paths  and  Contamination  Sources  In  PEM  Structure 


Lead-Mold  Compound  interface  Bond  Wire-Mold  Compound  Interface 


Die 

Surface 


Bulk  Mold  Compound  Moisture  Absorption  Into  Mold  Compound  Die  Attach  Material 


Figure  13 

Shows  complex  materials  and  interfaces,  comprising  the  structure  of  the  LM124  14L  -  SOIC. 
These  interfaces  and  materials  can  provide  paths  and  sources  for  moisture  and  contamination 
during  the  life  of  the  device. 
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Joint  Dirnctors  of  Laboratofias 


PLASTIC  PACKAGE  AVAILABILITY 
C-SAM  Photo  of  G8L-PLCC;  SCX6244 
Preconditioned  vs.  No-Preconditioned 

X9074  Mold  Comnound 


TOP  View 


NO-PRECONDITIONING 


Bottom  View 


'ipurc  14 


PRECONDITIONED 


Shows  delamination  on  the  underside  of  the  paddle  on  preconditioned  68L  -  PLCC. 
The  Topside  appears  to  be  only  marginally  affected,  if  at  all. 
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Figure  15 


Shows  typical  2nd  bonds  for  68L  -  CQJB  (left)  and  68L  -  PLCC  (right)  after  4125  lirs. 
of  HTS  at  175°C.  The  Aluminum  wire  to  Au/Ni/W  finger  in  the  ceramic  CQJB  (left) 
and  Au  wire  to  Ag/Cu  lead  in  the  plastic  PLCC  (right)  typically  showed  no  corrosion, 
or  bond  strength  degradation. 


A  National  Semiconductor  consideration  of  the  data  from  a  “FITs”  (failures  in  time), 
perspective  and  with  comments  on  the  system/component  failure-rate  variability,  follows. 

Summary  and  Analysis  of  the  Honeywell  Field  Reliability  Data  by  National 
Semiconductor: 

This  report  is  a  compilation  of  three  separate  studies  totaling  nearly  6.3  billion  device  operating 
hours,  performed  by  Honeywell  as  part  of  the  Plastic  Package  Availability  Program.  In  this 
report  National  summarizes  the  data  compiled  by  Honeywell  and  documents  the  field 
experience  of  plastic  and  hermetic  ICs  installed  in  Line  Replaceable  Units  (LRU)  manufactured 
by  Honeywell  Commercial  Avionics  Systems.  These  systems  were  installed  in  the  equipment 
bays  or  cockpits  of  commercial  aircraft,  with  a  normal  ambient  temperature  of  18°C  to  38°C, 
and  a  high  percentage  of  power-on  time.  This  study  compiled  the  data  obtained  from  over  6.29 
billion  operating  hours. 

The  First  Study  consisted  of  determining  the  failure  rate  on  LRU  1,  2  and  3.  The  ICs  installed 
in  these  LRUs  were  thru-hole  hermetic  devices  which  received  burn-in  and  extended- 
temperature  testing.  Most  the  IC  were  Mil-Std.-883  compliant. 

The  Second  Study  focused  on  determining  the  reliability  of  ICs  installed  on  LRU  4.  All  the 
hermetic  ICs  in  this  LRU  were  of  thru-hole  design.  They  were  100%  screened  with  bum-in  and 
extended-temperature  testing;  some  of  the  ICs  were  Mil-Std  -883  compliant.  Of  the  plastic 
ICs,  all  were  surface  mount  type;  47%  were  lot  sample  screened  using  bum-in  and  extended- 
temperature  testing  by  the  manufacturer;  35%  received  100%  screening  by  the  manufacturer 
and  1 8%  were  not  screened. 

In  the  Third  Study,  the  failure  rate  of  LRUs  5,  6  and  7  was  determined.  All  the  ICs  in  these 
LRUs  were  in  plastic  surface  mount  packages  and  were  100%  screened  using  bum-in  and 
extended-temperature  testing. 

The  failure  rate  for  three  categories  of  ICs,  Digital  SSI/MSI,  Memory  LSI  and  Linear  ICs 
assembled  in  the  two  package  types,  thru-hole  hermetic  and  surface  mount  plastic,  is  shown  in 
Studies  1, 2  and  3.  The  operating  hours  and  number  of  failures  was  reported  by  Honeywell  and 
the  FITs  rates  were  calculated  by  National. 

Results: 

In  the  Digital  SSI/MSI  device  category,  see  Table  5,  the  overall  failure  rate  for  plastic  surface 
mount  ICs  screened  by  bum-in  and  extended-temperature  testing  was  60%  less  than  the  failure 
rate  for  hermetic  thm-hole  ICs  that  were  screened.  However,  there  was  significant  variation  in 
the  failure  rates  among  the  LRUs.  Also,  the  performance  of  the  best  hermetic  IC  was,  twice 
that  of  the  best  plastic  ICs. 
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Operating  Hours  and  FITS  for  Burned-in  and  Temperature  Tested  Digital  ICs 
Assembled  in  Hermetic  and  Plastic  Packages 


Reported 

Reported  IC 

FITS  Ratio 

LRU 

IC 

Operating 

Observed 

for 

Package 

Number 

Device 

Type 

Failures 

Hours 

FITS 

& 

IC  Type 

1 

Digital 

SSI/MSI 

Hermetic 

3 

834,852,000 

4 

1  X 

2 

Digital 

SSI/MSI 

Hermetic 

2  5 

1,098,81 6,000 

2  3 

6  X 

3 

Digital 

SSI/MSI 

Hermetic 

6 

138,276,000 

4  3 

1  1  X 

4 

Digital 

SSI/MSI 

Hermetic 

0 

892,000 

0 

0  X 

4 

Digital 

SSl/MSI 

Plastic 

3 

53,520,000 

5  6 

1  4  X 

5,  6  &  7 

Digital 

SSl/ft/iSI 

Plastic 

9 

1,1  04,549,000 

8 

2  X 

Total 

Digital 

Hermetic 

3  4 

2,072,836,000 

1  6 

2  X 

Digital 

Plastic 

1  2 

1,1  58,069,000 

1  0 

1  X 

Table  5 

For  the  Memory/LSI  devices,  see  Table  6,  the  overall  failure  rate  for  plastic  surface  mount  ICs 
screened  by  burn-in  and  extended-temperature  testing  was  about  30%  less  than  the  failure  rate 
for  similarly  screened  hermetic  thru-hole  ICs.  However,  there  was  significant  variation  in  the 
failure  rate  among  the  LRUs.  Also,  the  performance  of  the  best  hermetic  IC  was  twice  that  of 
the  performance  of  the  best  plastic  ICs. 


Operating  Hours  and  FITs  for  Burned-in  and  Temperature  Tested  Memory/LSI 

Assembled 

in  Hermetic  and  Plastic  Packages 

Reported  Reported  IC 

FITS  Rat  i  o 

LRU 

IC  Operating  Observed 

for 

Package 

Number 

Dev  ice  T y  pe 

Failures  Hours  FITS 

& 

1  C  T  y  pe 

1 

Memory/ LSI  Hermetic 

2  64,773,000  31 

1  X 

2 

Memory/ LSI  Hermetic 

67  257,535,000  260 

8  X 

3 

Memory/ LSI  Hermetic 

6  40,748,000  147 

5  X 

4 

Memory/ LSI  Hermetic 

1  1  6,948,000  59 

2  X 

4 

Memory/ LSI  Plastic 

1  1  6,948,000  59 

2  X 

5,  6  &  7 

Memory/ LSI  Plastic 

47  31  5,864,500  149 

5  X 

Tot  al 

Memory/  LSI  Hermetic 
Memory/ LSI  Plastic 

76  380,004,000  200 

48  332,81  2,500  1  44 

1  X 

1  X 

Table  6 
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For  the  Linear  devices,  see  Table  7,  the  overall  failure  rate  for  hermetic  thru-hole  ICs  screened 
by  bum-in  and  extended-temperature  testing  was  nearly  four  times  better  than  the  failure  rate 
for  similarly  plastic  surface  mount  ICs.  There  was  significant  variation  in  the  failure  rate  among 
the  LRUs. 

Operating  Hours  and  FITS  for  Burned-in  and  Temperature  Tested  Linear  ICs 


Assembled  in  Hermetic  and  Plastic  Packages 


Reported 

Reported  IC 

FITS  Ratio 

LRU 

1C 

Operating 

Observed 

for 

Package 

Number 

Device 

Type 

Failures 

Hours 

FITS 

& 

IC  Type 

1 

Linear 

Hermetic 

3 

392,236,500 

8 

1  X 

2 

Linear 

Hermetic 

1  7 

1 ,090,231,500 

1  6 

2  X 

3 

Linear 

Hermetic 

2 

93,520,000 

2  1 

3  X 

4 

Linear 

Hermetic 

3 

69,576,000 

4  3 

5  X 

4 

Linear 

Plastic 

7 

37,464,000 

1  8  7 

2  3  X 

5,  6  &  7 

Linear 

Plastic 

3  1 

663,288,000 

4  7 

6  X 

T  otal 

Linear 

Hermetic 

2  5 

1,645,564,000 

1  5 

1  X 

Linear 

Plastic 

3  8 

700,752,000 

5  4 

4  X 

Delimitations: 


Table  7 


o  The  hemietic  ICs  were  installed  in  older  design  LRUs  which  may  have  impacted  the 
results.  The  devices  in  the  older  LRUs  (which  used  hermetic  ICs  may  be  experiencing 
wear-out,  while  the  plastic  ICs  in  the  newer  LRUs  could  be  experiencing  infant 
mortality. 

0  The  significant  variation  in  1C  reliability  pertormance  could  account  for  a  major  portion 
of  the  variation  between  the  plastic  and  hermetic  ICs.  Several  tactors  could  account  for 
this  variability  including:  The  selection  of  parts  and  suppliers,  the  equipment  design  and 
location  of  the  equipment. 

o  It  should  be  noted  that  all  the  LRUs  in  this  study  were  installed  in  the  equipment  bays 
and  cockpits  of  commercial  aircraft  with  a  normal  ambient  temperature  ot  1 8°C  to  38°C, 
with  a  high  percentage  of  power-on  time.  These  environmental  conditions  may  not  be 
equivalent  to  other  operating  conditions. 


CoEcIusious; 

o  The  data  suggests  that  burned-in  and  temperature  screened  plastic  ICs  can  be  used 
reliably  in  controlled  temperature  (18°C  to  38°C),  protected  environments  which  have  a 
high  operating  duty  cycle. 
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•  There  was  a  significant  difference  in  the  performance  among  various  categories  of  ICs, 
Digital  SSI/MSI,  Memory  LSI  and  Linear,  and  these  differences  can  be  exacerbated  by 
package  type. 

•  The  reliability  of  Digital  SSI/MSI  devices,  bum-in  and  extended  temperature  screened 
plastic  surface  mount  ICs  was  slightly  better  (60%)  than  the  reliability  of  similarly 
screened  thru  hole  hermetic  ICs. 

•  In  the  Memory  LSI  device  category,  the  reliability  of  burn-in  and  extended  temperature 
screened  plastic  surface  mount  ICs  was  about  equal  that  of  similarly  screened  thru  hole 
hermetic  ICs. 

•  The  performance  of  the  Linear  devices  was  another  matter.  For  the  Linear  IC  group,  the 
reliability  of  bum-in  and  extended  temperature  screened  hermetic  ICs  was  four  times 
better  than  similarly  screened  plastic  ICs. 

•  Looking  at  the  performance  among  the  LRUs,  the  best  hennetic  devices  out  performed 
the  best  plastic  ICs  by  two  to  one  in  every  device  category.  It  should  be  noted  that 
there  was  more  variation  in  reliability  among  LRUs  than  there  was  between  package 
types. 

Task  9.0  Plastic  Usage  Specification  (Plaskon) 

The  recommended  speeification  for  various  types  of  Epoxy  Mold  Compounds  (EMCs),  is 
given  in  Table  2.  Figure  16  shows  the  three  accelerated  environmental  tests  performed.  The 
performance  of  the  various  Plaskon  test  compounds,  3400  and  3400X,  for  the  LLC  devices  and 
ULSH12,  ULSH12X  and  the  anti-popcorn  X9074  is  contained  in  the  graphs  of  Figures  17-25 
and  28-33.  In  general,  getters  and  clean  starting  resins  (the  3400X  and  ULSH12X),  performed 
better  for  both  product  and  NAT-01  sensor  test  chips,  with  the  exception  of  :  DIPs  at  159  °C 
HAST,  see  Figure  17,  the  #34  compound  outperformed  the  #34X,  and  as  shown  in  Figure  21 
for  130  °C  HAST  @  30  Volts,  #34  again  significantly  outperformed  the  #34X.  These  results 
could  not  be  reconciled,  and  analysis  of  the  molding  eompound  on  failed  units  did  confirm  that 
the  mold  compound  type  did  match  the  unit  marking.  The  only  other  explanation,  (other  than 
that  the  results  are  valid  and  the  data  is  identifying  a  problem  source  with  the  “X”  eompounds), 
is  that  the  data  was  mixed  in  the  test  lab.  This  is  perplexing,  because  sueh  a  mix-up  was 
discovered  and  corrected,  but  it  is  this  ‘'correction”  that  caused  the  present  unexplainable 
findings.  The  tests  should  be  re-run,  at  least  to  the  first  data,  point  to  confirm  the  results. 
Please  see  Plaskon’ s  Final  Report,  Section  2,  for  additional  test  and  material  analysis  results 
performed  at  Plaskon. 
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Cumulative  %  Failures 


Summary  of  Plastic  Package 
Reliability  Testing  Program 


Tests  Performed  by : 

Naval  Surface  Warfare  Center,  Crane 


£>afv  caRiwiJwa 


Dow  Corning  Corporation 
National  Semiconductor 


Figure  16 


Moisture  Performance  of  LM124  Plastic  DIPs  @  5  Volts 
without  Preconditioning:  130°C  vs.  1  5 9 ° C 


Pkg.  &  Mali. 


■-  PDIP  #34, 
159°C 

^  PDIP  #34X, 
159°C 

A  PDIP  #B8, 
159°C 

-BB  CDIP  Conti, 
159°C 

m  PDIP  #34, 
130"C 

PDIP  #34X, 
130°C 

-  PDIP  #B8, 
130"C 

CDIP  Conti, 
130°C 


n-15  ea.  cell 


Figure  1 7 
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Cumulative  %  Failures  Cumulative  %  Failures 


Moisture  Performance  of  LM124  Plastic  DIPs  @  5  Volts 
with  Preconditioning:  1 30°C  vs.  1  5 9 ° C 


Pkg.  &  Matl. 


... 

PDIP  #34, 
159"C 

... 

PDIP  #34X, 
159"C 

'A'- 

PDIP  #B8, 
159"C 

CDIP  Conti, 
159"C 

- 

PDIP  #34, 
130X 

-  -t- 

PDIP  #34X, 
130'^C 

PDIP  #B8, 
130“C 

CDIP  Conti, 
130"C 

n=:15  ea.  cell 


Figure  IS 


Moisture  Performance  of  LM124  Plastic  DIPs  @  5  Volts, 
130°C:  with  vs.  without  Preconditioning 

100 
90 
80 
70 
60 
50 
40 
30 
20 
1  0 
0 

0  216  324  432  648  864  1080 

HAST  Hours  @  130X  with  5  Volt  Bias 


Pkg.  &  Matl. 


PDIP  #34 
with  PC 

•  PDIP  #34X 
with  PC 

PDIP  #B8 
with  PC 

®  CDIP  Conti 

“  PDIP  #34 
without 

-  PDIP  #34X 
without  PC 

-  PDIP  #B8 
without  PC 

'  CDIP  Conti 


n=15  ea.  cell 


Figure  19 
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Cumulative  %  Failures  Cumulative  %  Failures 


Moisture  Performance  of  LM124  Plastic  SOICs  @  5  Volts 
with  Preconditioning:  130°C  vs.  1 

Pkg.  &  Matl. 


“  ■  SOIC  #34, 
159°C 

SOIC#34X 
159"C 

-A-  S0IC#B14, 
159'^C 

. ®  CDIP  Conti, 

^59^C 

-  IBh  SOIC  #34, 
130°C 

-  SOIC  #34X, 
130‘=’C 

SOIC#B14, 
130°C 

CDIP  Conti, 
ISO'^C 

0  216  324  432  648  864  1080 

HAST  Hours  @  130°C  or  159X,  85%RH,  5  Volt  Bias  n=15  ea.  cell 


Figure  20 

Moisture  Performance  of  LM124  Plastic  SOICs  @  130‘^C, 
with  Preconditioning:  5  Volts  vs„  30,  Volit 

Pkg.  &  MatL 


—Wr  SOIC  #34, 
30  Volts 

"  SOIC#34X, 
30  Volts 

A  SOIC#B14, 
30  Volts 

®  CDIP  Conti, 
30  Volts 
SOIC  #34, 

5  Volts 

-  SOIC  #34X, 
5  Volts 

SOIC#B14, 
5  Volts 

CDIP  Conti, 
5  Volts 

0  216  324  432  648  864  1080 

HAST  Hours  @130X,  85%RH  with  5  or  30  Volt  Bias  0=15  ea.  cell 


Figure  21 
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Cumulative  %  Failures  Cumulative  %  Failures 


Moisture  Performance  of  LM124  Plastic  SOICs  @  159°C, 
with  Preconditioning:  5  Volts  vs.  30  Vplta. 

Pkg.  &  Mall. 


'  SOIC  #34, 
30  Volts 

•  SOIC  #34X, 
30  Volts 

A-  SOIC#B14, 
30  Volts 

’  ®  CDIP  Conti, 
30  Volts 

-  m-  SOIC  #34, 

5  Volts 

-  SOIC  #34X, 
5  Volts 

-■A-  SOIC#B14, 
5  Volts 

CDIP  Conti, 
5  Volts 


0  216  324  432  648  864  1080 

HAST  Hours  @  159'C,  85%RH  with  5  or  30  Volt  Bias  n=:15  ea.  cell 


Figure  22 


High  Temperature  Storage  Performance  of  LM124 
Plastic  ICs  @  175°C  with  Preconditioning:  PIIP  vs.  SOIC 


Pkg.  &  Matl. 


■  PDIPs  #34 
^  PDIP  #34X 
A"  PDIP  #B8 
Wr  SOIC  #34 
SOIC  #34X 
•vkr  SOIC  #B14 
m-  CDIP  Conti 


n=50  ea.  cell 
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Cumulative  %  Failures  Cumulative  %  Failures 


Temperature  Cycle  Performance  of  LM124  Plastic  ICs 
with  Preconditioning:  DP  vs.  SOIC 


20 
1  8 
1  6 
1  4 
1  2 
10 
8 
6 
4 
2 
0 


"O'*  Failures 


\ 


gjLaj .-a.  ii,  w .  J..  M.  h  m..  i{|. — 
0  200  400  1  100  1500 

Temperature  Cycles  -65°C  to  +150X 

Figure  24 


Pkg.  &  Matl. 


-  »  PDIPs  #34 

PDIP#34X 
PDIP#B8 
“  SOIC  #34 
SOIC#34X 
SOIC#B14 

-  111"  CDIP  Conti 


2000 


n=50  ea.  cel! 


High  Temperature  Storage  of  4.4K  Gate  Arrays 
@  175°C  without  Preconditioning:  FLCC  vs.  CCkJB 


Storage  Hours  @  175°C  No  Bias 


Pkg.  &  Mail 


^  68PLCC 
ULS12H 

68PLCC 

X9074 

68PLCC 

#B24 

68CQJB 

Control 


n=18  PLCC 
n=45  CQJB 


Figure  25 
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Figure  26 


Affect  of  175°C  HTS  on  Wire  Bond  Strength  In  PLCC: 

PRE  If  fS  vs.  Post  4.125  Kours  iHTS 


Minimum  for  0.00125  Au  Wire 


Bond 
Strength 
Pre  HTS 


Bond 
Strength 
Post  HTS 


Bond  Strength  Grams 


Figure  2  7 


Cumulative  %  Failures  Cumulative  %  Failures 


Operating  Life  Performance  of  4.4K  Gate  Arrays, 
@  125°C  without  Preconditioning:  PLCC  vs.  CQJB 


Pkg.  &  Mat 


No  Electrical  Failures  were  Noted. 


»  68PLCC 
ULS12H 

68PLCC 
ULS12HX 
-Ar  68PLCC 
X9074 
68PLCC 
#B24 

68CQJB 

Control 


'0"  Failures 


432  1  080  1  512  1  944  2500  4000 

Operating  Hours  @  125°C,  5  Volt  Bias 


n=15  PLCC 
n=24  CQJB 


Figure  28 

Temperature  Cycle  of  4.4K  Gate  Arrays: 
PLCC  vs,  CQJB 


Pkg.  &  Matl 


68PLCC 

ULS12H 

68PLCC 

#ULS12HX 

68PLCC 

#X9074 

68PLCC 

#B24 
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Control 


Temperature  Cycles  -65°C  to  +150°C 


n=36  PLCC 
n=25  CQJB 


Figure  29 
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Cumulative  %  Failures  Cumulative  %  Failures 


Moisture  Performance  of  4.4K  Gate  Arrays  in  68PLCCs 
@  5  Volts  without  Preconditioning:  1  SO^C  vs.  1 59"C 


T-  OJ  tT  to  00  O  <N 

HAST  Hours  @  130X  or  159"C  with  5  Volt  Bias  "" 


Pkg.  &  MatL 


PLCC 

ULS12HX 

159‘’C 

•  PLCC  #B24 
1  5  9  '  C 

■m  CQJB  Conti 
159"C 

PLCC  ULS12H 
130'’C 

PLCC 

ULS12HX 

130"C 

...  PLCC  X9074 
130^C 

"  “S'  CQJB  Conti 
130"C 


n=50  ea.  cell 


Figure  30 


Moisture  Performance  of  4.4K  Gate  Arrays  in  68PLCCs 
@  5  Volts  with  Preconditioning:  1 30°C  vs.  1 59"C 


HAST  Hours 


CM  ^  <0  00 

130"C  or  159X  with  5  Volt  Bias 


Pkg.  &  MatL 


PLCC  ULS12H 
159"C  n=21 


•  PLCC  X9074 
159X  n=21 

T  PLCC  #B24 
159"C  n=21 

■  CQJB  Conti 
159X  n=24 

"  PLCC 

MLS12HX 
130X  n=20 

-  PLCC  #B24 

130’C  n=20 

- CQJB  Conti 
130  C  n=22 


Figure  3  / 
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Cumulative  %  Failures  Cumulative  %  Failures 


Moisture  Performance  of  ICs  in  Surface  Mount  Packages 
@  5  Volts,  130°C  with  Preconditioning:  PLCC  vs.  SQIC 

Pkg.  &  Matl. 


PLCC  ULS12HX 
n=:20 

-  PLCC  X9074 
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Figure  32 


Moisture  Performance  of  ICs  in  Surface  Mount  Packages 
@  5  Volts,  ISQ^C  with  Preconditioning:  PLCC  vs.  SOIC 
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Figure  33 
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PLASTIC  PACKAGE  AVAILABILITY  PROGRAM 


CONCLUSIONS 


CONCLUSIONS: 


Task  4.0  Moisture  and  Corrosion  Test  Chip  Development 

The  development  of  the  NAT-01  proved  to  be  successful  and  aided  in  the  understanding  of  the 
moisture  take-up  in  PEM,  correlated  corrosion  failure  modes  on  HAST  and  appeared  to  be  able 
to  identify  pin-holes  in  the  chip  passivation.  The  evaluation  of  the  ATC04  showed  it  could 
distinguish  between  different  mold  compounds  and  measure  stresses  as  a  function  of  the 
assembly  and  preconditioning  processing  steps. 

Task  7.0  Device  Reliability  Testing 

Radiation  Tolerance:  Plastic  performs  similar  to  ceramic  on  LM124s  for  radiation  tolerance 
where  both  package  types  experience  parametric  failures  after  1 OOK  Rads  and  gross  functional 
failures  after  200K  Rads  total  dosage. 

Accelerated,  Harsh  Environment  Life-testing:  Figure  12  highlights  the  conclusions  from  the 
DOE  life-test  PEM  results,  with  color  applied  to  the  Master  F/A  Chart.  The  red  signifies 
^^cotrosiojf  as  the  most  serious,  highest  occurring  failure  mode,  all  resulting  from  HAST. 
Preconditioning  and  bias  voltage  were  significant  accelerating  factors  to  the  moisture  related 
corrosion  mechanism.  The  orange  signifies  a  much  lower  incident  failure  mode,  but  one  that 
becomes  important  as  chip  size  increases,  “cracking”  of  the  chip  surface  passivation  coating. 
The  cracking  occurred  in  the  comer  areas  of  the  SCX6244  chips  where  it  is  known  that  the 
highest  stresses,  imposed  by  the  package  materials,  occur.  The  yellow  represents  a  caution  in 
that  no  failures  were  experienced  in  HTS  when  monitored  with  room-temperature  electrical 
testing,  but  F/A  documented  an  inherent,  known,  degradation  mechanism,  “intermetalHc 
growth  ”,  caused  by  tlie  gold  ball-aluminum  pad  bonding  process/structure.  Bond  pull  strength 
is  significantly  weakened  by  this  growth.  Significant  failures  did  occur  after  4125  hrs  of  HST 
when  the  devices  were  electrically  tested  at  125°C.  This  intemietallic  and  bond  strength 
degradation  did  not  occur  in  the  all  aluminum  bond-to-die  system  that  was  used  in  the  ceramic 
control  units. 

Failure  Rate  Extrapolation:  As  a  result  of  the  failure  mode  similarity  for  the  two 
temperatures  and  two  voltages  used  on  the  HAST  testing,  activation  energies  could  be 
calculated,  and  Weibull  failure  rate  prediction  curves  vs.  time  thus  determined  for  extended  life 
at  various  temperatures  and  voltages.  See  figures  34-37  for  these  cur.es.  Examples; 

•  Figure  34:  >30  yr.  life  @  55  °C  degrades  to  <  1  yr.  @  130°C,  HAST  @  5v  /  55%  RH 

•  Figure  36:  >10  yr.  life  @  5v  degrades  to  <  1  yr.  @  20v,  HAST  @  55  °C  @55%  RH 
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Cumulative  %  Failures  Cumulative  %  Failures 


Weibull  Estimates  for  Moisture  Performance  of  LM124 
in  Plastic  SOIC  (Epoxy  #B14),  with  Preconditioning, 

@  85%RH  and  5  Volt  Bias 


l/Veibuli 
Estimates 
Based  on  HAST 
rests  @  159”C  & 
130“C 

Calculated 
Activation 
Energy  0«883eV 


1000  10000  100000  1000000 

Time  Hours 

Figure  34 


Weibull  Estimates  for  Moisture  Performance  of  4.4K  Gate 
Arrays  in  68PLCC  (Epoxy  #B24),  with  Preconditioning, 
@  85%RH  and  5  Volt  Bias 


Weibull 
Estimates 
Based  on  HAST 
Tests  @  159°C  & 
130"C 

Calculated 
Activation 
Energy  0.575eV 


100  1000  10000 

Time  Hours 

Figure  35 
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Cumulative  %  Failures  Cumulative  %  Failures 


Weibull  Estimates  for  20,18,12  &  5  Volt  Bias  on  Moisture 
Performance  of  LM124  SOIC  (Epoxy  #B14),  with 
Preconditioning,  @  55°C  &  85%RH 


Time  Hours 


Figure  36 


Weibull  Estimates  for  20,18,12  &  5  Volt  Bias  on  Moisture 
Performance  of  LM124  SOIC  (Epoxy  #B14),  with 
Preconditioning,  @  125°C  &  85%RH 


Figure  37 
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Task  8.0  Device  Reliability  Analysis 

Honeywell  has  shown  that  with  a  careful  program  including  vendor  qualification,  bum-in  and 
temperature  testing,  and  proper  component-system  design-in,  as  well  as  a  relatively  benign, 
controlled  environment  (commercial  aircraft  equipment  bays),  PEM  can  achieve  acceptable 
failure  rates. 

DO’S  and  DON’Ts:  The  following  DO’s  and  DON’Ts  highlight  the  findings  and 
recommendations  of  the  PPA  program  for  the  use  of  PEM  in  harsh,  military  like  environments: 

Recommended  DO’s: 

•  do  continue  to  use  rigorous  vendor  qualification,  extended-temp  screening  and  burn-in 
as  required,  for  PEM  high-Rel  applications,  similar  to  ceramic-hermetic,  with  the 
addition  of  HAST  testing 

•  do  qualify  mold  compound  changes 

•  do  design  for  lowest  practicable  operating  voltage  and  temperature 

•  do  use  board  assembly  “preconditioning”  prior  to  qualification,  which  simulates  worse 
case  board  assembly/repair  conditions 

•  do  use  non-aggressive,  no-clean,  fluxes  in  board  assembly,  and  rigorously  follow  the 
dry-bag  procedures  specified  by  the  component  manufacturer 

•  do  include  temperature  cycle  for  qualification  of  larger  chips  (>250  mils  /  side) 

•  do  maintain  low-humidity  environment 

•  do  include  the  NAT-01  and  ATC04  test  chips  for  plastic  package  studies 

•  do  consider  the  use  of  hermetic-ceramic  for  use  in  long-term,  harsh  environments,  as 
the  use  of  PEM  continue  to  be  a  concern  for  these  applications 

Recommended  DON’Ts: 

•  don’t  use  PEM  for  long-term  high  humidity  operation,  especially  where  higher  voltages 
or  higher  temperatures  are  required 

•  don’t  use  aggressive,  halide-based  fluxes  during  PEM  board  solder  assembly/repair 

•  don’t  use  high  stress  mold  compounds  with  large  chips  (>250  mils/side) 

•  don’t  use  PEM  beyond  manufactures  ratings 

•  don’t  run  environmental  life-test  qualification  w/o  first  preconditioning  with  worse- 
case  board  assembly/repair  simulated  pre-stressing 


56 


Key  Suggested  Areas  for  Future  Work: 


®  re-visit  low-stress  mold  compound  TC  performance  on  large  PEM 
®  confirm  the  advantages  of  using  getter  additives  on  HAST  performance 
®  develop  a  dynamic,  corrosive  atmosphere  HAST  chamber  for  determining  long-term 
storage,  and  intermittent  operation  long-term  storage,  PEM  reliability 
®  determine  the  “culprit”  process  step(s)  in  the  preconditioning  flow 
®  develop  improved  materials  for  increased  PEM  moisture  tolerance 
®  develop  economically  effective  non-corroding  bondwire-bondpad  structure 
®  develop  PEM  package  qualification  standard  using  sensor  test  chip(s) 
e  continue  industry  field  reliability  data  collection/analysis,  under  auspices  of  academic 
or  industry  association 
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EXECUTIVE  SUMMARY 


BACKGROUND 

Part  of  the  Plastic  Package  Availability  Program,  DLA  900-92<C-1647,  involves  a  review  of  the  materials  of 
construction  of  molded  plastic  packages.  In  this  phase  of  the  work,  the  technology  vvill  be  overviewed  without 
recommendation  as  to  what  should  or  should  not  be  used  for  military  environments.  This  work  is  broken  down  into 
sub-sections  each  of  which  describes  one  significant  part  of  the  plastic  package  in  detail. 

Plastic-encapsulated  integrated  circuits  have  proliferated  throughout  the  electronics  industry  and  currently  make 
up  over  90%  of  all  integrated-circuit  (IC)  packages  built  today.  The  first  plastic  packages  ^ 

1960’s  had  reliability  and  functionality  problems  particularly  at  elevated  temperatures.  In  the  early  days,  85  C/85  ^ 
RH  tests  generally  gave  25%  failures  at  1000  hours  compared  to  less  than  0.1%  today  (1).  Much  of  this 
improvement  has  come  out  of  extensive  research  into  the  failure  mechanisms  and  the  material  interactions  within 
plastic-encapsulated  packages.  The  physical  characteristics  of  the  leadframe  material,  mold  compound,  die  attach 
material,  bond  wire,  or  other  interconnect  material,  and  the  IC  chip  must  be  taken  into  account  when  developing  a 
package.  The  selection  of  these  materials  play  a  large  role  in  the  reliability  of  the  device. 


SYNOPSIS 

The  purpose  of  the  Plastic  Packaging  Availability  Program  is  to  complement  and  extend  current  knowledge  in 
the  materials,  design,  assembly,  testing  and  reliability  associated  with  plastic  packages.  This  materials-of- 
construction  report  is  a  deliverable  of  Task  2,  Plastic  Package  Criteria  Definition,  as  outlined  in  the  contract 
between  National  Semiconductor  Corporation  (NSC)  and  the  Department  of  Defense  (DoD). 

in  this  report  the  effect  of  various  materials  of  construction  of  plastic-encapsulated  packages  on  reliability  issues 
is  discussed  with  the  appropriate  background.  It  is  not  the  intent  of  the  authors  to  compile  a  "complete”  report  on 
materials  of  construction  in  plastic  packages.  Only  five  major  components  of  the  plastic-encapsulated  package  are 
discussed:  Leadframe  (Sub-Section  2.0);  Die  Attach  (Sub-Section  3.0);  Wire  Bonding  (Sub-Section  4.0);  Die 
Coating  (Sub-Section  5.0);  and,  Pack  and  Ship  (Sub-Section  6.0).  The  mold  compound  is  another  important 
integral  component  of  the  package.  However,  this  aspect  is  covered  in  detail  by  Plaskon  s  report. 

The  information  is  presented  to  cover  the  issues  that  would  be  of  interest  to  DoD  end  users.  The  report  is 
separated  into  four  categories: 

«  Introduction 
«  Materials  &  Properties 
»  Manufacturing  Processes 
®  Vendors/Manufacturers 

This  report  was  compiled  using  literature  searches,  specification  reviews,  interviews,  and  past  experience  to 
present  the  most  relevant  information  possible  using  National  Semiconductor’s  extensive  plastic  packaging 
background.  Among  the  package-related  issues  covered  in  this  report  are. 

•  Delamination/Package  Cracking/Moisture  Penetration 

•  Stress/Die  Cracking 
®  Corrosion 

®  Thermal  Management 

Given  certain  reliability  problems  common  known  to  plastic-encapsulated  packages,  recommendations  for 
enhancing  the  performance  of  the  packages  are  summarized  in  Sub-Section  8.0. 
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1.0  INTRODUCTION 


The  selection  of  leadframe  material  greatly  influences  the  stress  in  molded  plastic  packages.  Misrnatched 
coefficients  of  thermal  expansion  (CTEs)  result  in  decreased  reliability.  Leadframe  to  mold  compound  mismatch 
can  result  in  poor  adhesion,  thereby,  inducing  package  cracking  and  reducing  moisture  resistance.  Mismatch  of  die 
to  mold  compound  CTEs  can  result  in  passivation  cracking  and  die  metal  damage.  Leadframe  to  die  mismatch 
increases  the  stress  on  the  die. 

As  part  of  the  plastic  package,  the  leadframe  performs  the  following  specific  critical  functions  (2): 

•provide  an  electrical  and  thermal  conductor  between  the  device  and  the  board  or  the  outside 

environment, 

•provide  stability  and  indexing  capability  for  the  package  as  it  proceeds  through  the 

manufacturing  process, 

•  provide  a  support  matrix  for  the  epoxy  molding  compound, 

•  serve  as  a  substrate  for  chip  attach,  and 

•act  as  a  dam  which  prevents  the  epoxy  molding  compound  (EMC)  from  escaping  through  the 

lead  spacing. 

Most  often  the  package,  and  therefore  the  IC,  is  accessed  through  a  printed  wiring  board,  PWB.  The  PWB  is  a 
larger  circuit  consisting  of  interconnected  traces  which  terminate  at  lead  insertion  points  where  ICs  or  other  devices 
fit  to  make  their  contribution  on  the  given  signal.  The  insertion  points  may  be  through-hole  vias,  or  surface  mount 
pads.  Usually  molded  DIPs  have  through-hole  leads.  Surface  mount  devices,  SMDs,  use  surface  mount  pads  for  the 
gull  wing  or  J-leads  of  the  SMD  package.  Sockets  can  form  the  first  interconnect  on  the  PWB,  so  that  1C  packages 
may  be  easily  inserted  into  the  sockets  and  removed  as  needed.  IC  test  boards  use  sockets. 

All  factors  must  be  considered  when  developing  a  molded  plastic  package  for  an  1C.  High  power  linear  devices 
require  different  materials  selection  than  does  a  low  power  digital  processor  on  a  large  Si  chip.  A  small  jellybean 
linear  chip  has  tighter  package  cost  constraints  than  does  the  microprocessor  device,  A  more  elaborate  leadframe 
could  be  considered  in  the  latter  case. 

In  this  report,  the  leadframe  will  be  described  with  respect  to  the  following  areas: 

•  Materials  &  properties, 

•  Design  &  structure, 

•  Manufacturing, 

•  Vendors/Manufacturers 

Since  general  reliability  of  plastic-encapsulated  devices  is  the  main  focus  of  the  Plastic  Packaging  Availability 
Program,  the  information  will  be  summarized  within  such  context.  The  three  issues  that  are  important  to  making 
decisions  on  the  materials  selection,  processing,  etc.,  of  plastic  packages  are  cost,  availability,  and  reliability. 

1.1  Cost  and  Availability 

In  the  past,  cost  considerations  were  not  always  readily  associated  with  government  military  spending.  Many 
feel  that  the  cost  of  military  microelectronic  parts  far  outweigh  the  high  reliability  that  was  offered.  However,  with 
the  changing  global  political  scene  and  tightening  military  budget,  cost  has  moved  to  the  forefront  of  issues 
confronting  procurement  of  military  electronics  (3).  Plastic  packages,  which  in  the  past  were  seen  as  high  risk  as  far 
as  reliability  was  concerned,  have  become  desirable  for  their  cost  and  weight  savings.  Availability  of  many  devices 
for  use  in  military  systems  is  also  an  issue.  With  many  semiconductor  companies  feeling  the  same  economic 
constraints,  some  of  the  desired  devices  may  only  be  offered  in  a  plastic  configuration. 

Another  example  of  availability  problems  arises  when  considering  the  vendor  base  for  epoxy  molding 
compounds.  Almost  all  the  major  suppliers  of  EMCs  are  foreign.  This  can  pose  a  problem  when  facing  the  DoD’s 
restrictions  regarding  domestic/foreign  materials  suppliers. 


1.2  Reliability 


The  reiiability  of  plastic  packages  depends  on  many  factors.  There  are  many  mechanisms  of  failure  Jiat  can 
occur .  The  following  is  a  brief  list  of  possible  failure  mechanisms  and  reliability  concerns.  Electrical  failure  due  to 
electromagnetic  effects  are  not  covered. 

«  Electrochemical  mechanisms: 

Solderability 

Bondability 

Delamination/Adhesion 
Corrosion 
Ionic  contamination 
««  Electromigration 
•  Thermomechanical  mechanisms: 

Thermal  conductivity 

Thermal  stress  due  to  CTE  mismatch 

Delamination  /  “Popcorning” 

Lead  bend  fatigue 
••  Lead  break 

Stress/Die  attach  pad  (DAP)  shift 

Many  of  these  effects  contribute  to  package  cracking.  This  can  be  a  potentially  costly  problern  due  to  the  lack  of 
environmental  protection  afforded  to  the  device  by  a  cracked  package.  These  failure  mechanisms  are  not  at  all 
independent  of  each  other.  For  example,  delamination  of  the  EMC  from  the  DAP  can  occur  because  of  excess 
stresses  caused  by  the  mismatch  in  the  thermal  expansion  coefficients  of  the  leadframe  material  and  EMC.  The 
delamination  can  also  occur  because  of  expansion  of  gasified  moisture  at  the  DAP/EMC  interface  during  heat 
excursions  such  as  seen  during  solder  reflow. 

Ensuring  the  reliability  of  plastic  packages  involves  accounting  for  very  complex  interaction  of  failure 
mechanisms.  In  deciding  upon  various  materials  of  construction,  consideration  of  all  the  above  mechanisms  is 
crucial. 

i.3  Brief  Description  of  Some  Failure  Issues 

1.3.1  Fatigue 

In  plastic  packaging,  fatigue  failure  occurs  mainly  due  to  the  thermomechanical  effect  of  temperature  cycling. 
One  of  the  most  prevalent  fatigue  failure  areas  is  the  outer  lead-solder  interface  ot  surface  mounted  devices. 
Differing  CTEs  between  leadframe  material,  solder,  and  the  PWB  create  stresses  during  temperature  excursions. 
These  stresses  are  cycled  when  the  temperature  is  cycled.  Thus,  in  many  rugged  applications,  such  as  automobile 
components,  the  opportunity  for  failure  is  high  because  of  temperature  cycling.  Fatigue  can  also  occur  because  of 
lead  bending.  Often,  a  device  lead  is  bent  due  to  improper  insertion.  Sometimes,  the  lead  needs  to  be  straightened 
to  allow  for  another  insertion  attempt.  A  fatigue  failure  could  occur  and  render  the  IC  useless. 

1.3.2  DeSamination/Package  Cracking 

Delamination  is  the  physical  separation  of  two  adjoining  layers.  It  can  be  considered  as  an  internal  crack  within 
the  package.  It  can  occur  in  a  number  of  areas  in  the  package,  including  the  DAP/EMC  interface,  DAP/die  attach/Si 
interface,  and  the  EMC/Si  interface.  Delamination  can  occur  due  to  either  the  effect  of  CTE  mismatch  between 
materials  during  thermal  cycling,  or  the  collection  and  subsequent  vaporization  of  moisture  at  an  interface.  In  the 
latter  case,  package  cracking  is  almost  inevitable.  This  type  of  delamination  commonly  occurs  during  the  surface 
mounting  of  components  to  PWB,  where  the  components  are  rapidly  heated.  In  both  cases,  adhesion  is  the  key  to 
solving  these  problems. 

1.3.3  Corrosion 

In  both  hermetic  and  non-hermetic  packaging,  corrosion  of  the  outer  leads  and  internal  areas  is  a  major  concern. 
It  plays  a  major  role  in  the  reliability  of  the  electronic  device.  The  most  prevalent  areas  for  corrosion  are  the  outer 
leads,  bond  wires,  device  metallization  (including  bond  pads),  and  inner  leads.  The  exposure  of  these  areas  to  both 
moisture  and  dissolved  ionics  is  needed  to  cause  corrosion  problems. 
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In  plastic  packaging,  the  problem  becomes  much  more  complex  because  of  the  porosity  of  the  EMC  and  the 
higher  probability  of  impurities  in  the  EMC.  Many  solutions  can  be  implemented  to  correct  or  alleviate  the 
corrosion  problem.  For  example,  special  coatings  deposited  on  assembled  parts  can  help  to  provide  some  protection 
to  the  device  and  bond  wires.  Delamination  and  package  cracking  contribute  to  corrosion  by  allowing  a  faster  path 
for  ion-laden  moisture  to  penetrate. 

1.4  Package  Types 

It  is  helpful  to  understand  the  scope  of  this  report.  The  main  concern  of  the  report  is  plastic-encapsulated 
packages.  These  include  any  epoxy  molding  compound  packages  used  for  microelectronics.  A  brief  list  of  the 
various  package  types  and  other  information  is  given  in  Reference  2.  Note  that  the  various  package  designations  can 
vary  throughout  the  industry. 

The  various  package  types  can  be  separated  into  two  categories,  through-hole  or  surface  mountable.  These  terms 
refer  to  the  method  by  which  the  package  is  connected  to  the  PWB.  The  through-hole  packages  include  molded 
dual-in-iine  packages  (MDIP),  single-in-line  packages  (SIP),  zigzag-in-line  packages  (ZIP),  and  transistor  outline 
packages  (TO).  The  surface  mount  packages  include  small  outline  packages  (SO),  plastic  quad  flat  packages 
(PQFP),  and  plastic  leaded  chip  carriers  (PLCC).  A  list  of  packages  also  appears  in  Table  2-6,  which  also  shows 
applications  that  use  those  package  configurations.  Please  note  that  the  package  designations  vary  slightly  from 
company  to  company. 


2.0  LEADFRAMES 


2.1  Introduction 

Many  demands  are  placed  upon  the  leadframe  in  an  integrated  circuit  plastic  package.  From  leadframe 
manufacture  to  package  assembly  to  operating  life  of  the  IC  device,  the  plastic  package  leadframe  has  many 
challenges  to  overcome.  The  leadframe  material  to  use  is  selected  considering  these  obstacles  along  with  other 
specifics,  e.g.,  IC  chip  size,  the  number  of  leads,  the  geometries  of  the  part  (lead  bend  angles  and  pitchX  volume  of 
product  to  be  built,  and  thermal  requirements. 

Many  leadframe  materials  will  be  discussed  and  compared  with  respect  to  their  properties  and  the  effect  of  those 
properties  on  the  general  reliability  and  overall  cost  of  plastic  packages.  The  previous  section  briefly  describes 
some  of  the  reliability  and  cost  issues  that  arise  when  considering  plastic  packages. 

Table  2-1:  Reliability  effect  and  relevant  properties 


Reliability  Effect 

Material  Property  | 

I.  Fatigue 

Yield  strength 

Hardness 

Thermal  coefficient  of  expansion 
%  elongation 

Young’s  modulus  of  elasticity 

2.  Delamination/Package  Cracking 

u 

Surface  roughness 

Thermal  coefficient  of  expansion 

3.  Corrosion 

Reactivity 

Cleanliness 

4.  Lead  break/DAP  shift 

Yield  strength  I 

Young’s  modulus  of  elasticity  I 

1  5.  Electrical/Thermal  Performance 

Electrical  conductivity  | 

Thermal  conductivity  | 

There  are  basically  three  classes  of  leadframe  materials  used  in  industry.  They  are: 
•  Ni-Fe  alloys  (i.e.  Alloy-42), 
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“  Cu  alloys,  and 

•  Clad  materials  (layered  composite  strips). 


Because  of  the  various  stresses  that  the  leadframe  sees  during  its  manufacture,  use,  and  operating  life,  there  are 
certain  critical  properties  that  need  to  be  addressed  when  selecting  the  leadframe  material.  Table  2-1  is  a  brief  list  of 
some  of  these  properties  and  the  reliability  effect.  In  this  section,  a  brief  description  of  the  stresses  that  leadframes 
see  in  their  lifetime  and  a  relation  between  the  reliability  problems  and  materials  properties  that  alleviate  these 
problems  will  be  discussed.  The  relative  cost  of  materials  and  the  role  this  plays  will  also  be  presented. 

2.2  Sources  of  Stresses  for  Leadframes 

Requirements  are  placed  upon  leadframes  during  manufacture  and  over  the  package  functional  lifetime. 
Materials  chosen  for  the  leadframe  construction  must  have  properties  which  allow  the  leadframe  to  withstand 
manufacturing  and  operating  conditions  without  failing.  Table  2-2  is  a  list  of  sources  ot  these  requirements  and  the 
stresses  or  reliability  problems  that  might  be  incurred. 

Table  2-2:  Sources  of  stresses  on  leadframes 


1  Source 

Effect 

Optimized  Property  | 

j  Manufacturing  (Stamping) 

Fracture 

Plastic  deformation 

Lead  deflection 

Springboard 

Burrs 

Planarity 

Toughness  | 

Yield  strength  I 

Modulus  of  elasticity  | 

Modulus  of  elasticity  | 

Ductility  I 

Modulus  of  elasticity  1 

Manufacturing  (Etching) _ 

Non-uniform  etch  rate 

Material  purity 

i  Assembly 

Bondability 

Planarity 

Softening 

Fracture 

Deformation 

Surface  cleanliness  1 

Modulus  of  elasticity  I 

Recrystallization  temperature 
Toughness 

Yield  strength 

:  Operating  life 

Corrosion 

Electromigration 

Moisture  penetration 

Package  cracking 

Resistance  to  corrosion 

Electrolytic  potential 

Adhesion 

CTE 

2,2.1  Leadframe  Manufacturing 

Before  a  leadframe  can  be  manufactured,  the  material  must  be  rolled  into  sheets  of  the  appropriate  thickness. 
The  ingot  is  processed  through  a  series  of  rolling  and  heat  treatments  to  achieve  the  desired  thickness  and  % 
reduction  in  area.  The  rolled  material  is  then  slit  to  the  proper  handling  width  for  leadframe  processing.  The 
material  is  then  either  stamped,  where  individual  punches  remove  sections  of  material  leaving  the  leadframe  features 
behind,  or  etched  where  the  leadframe  pattern  is  photochemically  removed  from  the  matrix.  Specifications  of 
flatness  and  dimensional  accuracy  must  be  met,  as  well  as  elimination  of  slivers  or  dents  induced  during  processing. 
See  Sub-section  2.4  for  more  manufacturing  information. 

During  this  process,  the  material  undergoes  a  myriad  of  stresses  and  changes.  The  deformation  and  heat 
treatment  cycles  greatly  affect  the  final  material  properties,  such  as  hardness,  toughness,  etc.  The  stamping  process 
can  be  the  most  rigorous.  The  material  can  easily  fracture  or  deform  during  this  process. 

The  etching  process  can  impart  deformations  due  to  temperature  and  handling  as  well,  since  the  material 
thicknesses  involved  are  smaller  than  for  stamping.  Because  etching  is  a  chemical  process,  reaction  rates  are  a 
concern  over  the  area  of  the  leadframe.  Additional  processing  such  as  coining  and  downsetting  again  depend  upon 
the  inherent  material  characteristics  for  success. 

2.2.2  Package  Assembly 
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During  package  assembly,  more  demands  are  placed  on  the  leadframe  material.  The  lead  frame  serves  as  the  chip 
carrier  during  assembly  operations  providing  mechanical  support  prior  to  molding.  During  die  attach  cure,  the 
leadframe  is  exposed  to  temperatures  of  150  to  250°C  for  2  to  4  hours,  typically.  Bondability  must  be  insured 
during  the  wire  bonding  operation;  a  clean  non-oxidized  leadframe  surface  is  required.  Leadframe  planarity  is  an 
issue.  If  the  internal  leads  are  out  of  planarity  by  as  little  as  0.004”,  depending  on  the  material  and  thickness,  the 
leadframe  is  not  bondable.  The  material  must  be  resistant  to  scratches  and  handling  defects.  Scratched,  slivered,  or 
dented  leadframes  during  molding  can  lead  to  resin  bleed. 

Trim  and  form  operations  involve  bending  of  the  leadframe  material  to  the  final  lead  position.  Subsequent 
handling  during  testing,  packing,  or  installation  can  cause  lead  bending.  These  leads  must  be  straightened  out,  often 
more  than  once.  The  material  must  be  ductile  enough  to  resist  cracking  during  bending  and  strong  enough  to 
maintain  lead  position  during  assembly  and  handling. 

2.2.3  Product  Operating  Life 

The  overall  reliability  of  the  integrated  circuit  is  often  directly  related  to  the  package.  The  leadframe  is  a  key 
component  in  this  relationship.  While  the  IC,  bonds,  and  wires  are  within  the  encapsulant,  the  external  leads  of  the 
leadframe  are  directly  submitted  to  atmospheric  conditions.  Corrosion  of  the  leadframe  material  can  lead  to  early 
opens  or  shorts.  This  corrosion  can  occur  on  the  external  leads,  or  on  internal  leads,  pads,  and  wire,  through 
migration  of  ions  to  the  interior  of  the  package.  The  compatibility  of  the  leadframe  material  to  other  material  in  the 
package  has  been  shown  to  influence  package  cracking  during  temperature  cycling  (4). 

2.3  Properties  of  Common  Leadframe  Materials 

Given  the  requirements  dictated  by  the  various  stresses  seen  by  the  leadframe,  consideration  must  be  given  to  the 
various  properties  of  the  leadframe  material  desired.  This  Sub-section  describes  the  various  materials  available  for 
use  in  industry  and  their  characteristics.  A  comparison  of  these  properties  among  leadframe  materials  and  other 
materials  is  given  in  Table  2-3. 

2.3.1  Leadframe  Materials 

As  mentioned  above,  there  are  basically  three  types  of  leadframe  materials:  Ni-Fe  alloys,  Cu  alloys,  and  clad 
materials.  Clad  materials  are  not  in  use  as  prominently  today  as  the  other  two  materials. 

Ni-Fe  alloys:  The  Ni-Fe  alloys,  commonly  known  as  AIloy-42,  contain  approximately  42%  nickel  and  57%  Fe 
with  trace  elements.  It  is  a  desirable  material  because  its  CTE  closely  matches  that  of  silicon  (4.5  ppm/°C  vs.  2.6 
ppm/°C).  It  possesses  excellent  elastic  properties  and  can  be  heat  treated  to  provide  a  wide  range  of  tensile 
properties.  There  is  no  need  for  barrier  metal  plating  when  solder  plating  onto  Alloy-42.  In  comparison  to  the  Cu 
alloys,  Alloy-42  does  have  some  drawbacks.  It  possesses  very  low  thermal  and  electrical  conductivity,  which  are 
two  properties  crucial  to  IC  performance.  Thus,  it  has  limited  use  in  applications  where  power  and  heat  dissipation 
are  critical. 

Cu  alloys:  Cu  alloys  have  generally  lower  strength  than  Alloy-42.  Table  2-3  lists  a  variety  of  Cu  alloys  and 
Alloy-42  with  their  respective  properties.  The  conductivity  of  Cu  alloys  exceeds  that  of  Alloy-42.  Additives  such 
as  Fe,  Zr,  Zn,  Sn  and  P  can  help  to  improve  the  mechanical  properties  of  the  Cu  alloys.  Pure  copper  is  inadequate 
for  the  needs  of  plastic  package  leadframes.  Heat  treatments  also  help  to  refine  the  mechanical  properties  of  Cu 

alloys.  The  Cu  alloys  seem  to  exhibit  better  adhesion  with  most  EMCs  than  Alioy-42.  This  is  because  of  the 

relatively  good  match  of  CTEs  between  Cu  alloys  and  EMCs  (17  ppm/°C  vs.  20  ppm/°C).  CTE  mismatch  between 
the  Cu  and  the  silicon  die  is  usually  compensated  for  by  the  die  attach  material  used,  generally  with  an  intermediate 
CTE  value. 

Clad  materials:  These  materials  attempt  to  get  the  best  of  both  worlds  by  creating  a  layered  composite  of 
copper  on  a  steel  matrix.  The  premise  is  to  obtain  the  strength  of  the  steel  matrix  material  while  getting  the 

conductivity  of  the  copper  layer.  High  pressure  rolling  is  used  to  create  these  materials. 

2.3.2  Material  Properties 
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Table  2-3  lists  properties  of  many  leadframe  materials.  The  modulus  of  elasticity,  Young  s  modulus,  is  a 
measure  of  the  resilience  of  the  material;  it  is  the  ratio  of  the  stress  and  the  reversible  strain. 

amount  of  strain  at  failure.  It  is  the  total  plastic  strain  prior  to  fracture  and  may  be  expressed  as  /o  elonga  . 
Strength  is  a  measure  of  the  level  of  stress  required  to  make  a  material  fail. 

Table  2-3:  Leadframe  materials  and  properties  (5) 


Alloy 

Chemical 

Composition 

% 

Young’s 

Modulus 

(GPa) 

CTE 

(ppm/”C) 

% 

Elongation 

Thermal 

Conductivity 

(WrC.mm) 

Electrical  I 
Conductivity  I 
(%  lACS) 

A  lloy-42 

42  Ni,  other  Fe 

145 

4.5 

1 0  to  15 

0.015 

3  I 

C151 

99.9  Cu,  0.1  Zr 

117 

17.7 

4  to  8 

0.36 

90  j 

C155 

0.11  Mg,  0.07  Ag, 
0.06  P 

117 

16.3 

2 

0.347 

78 

C194 

2.35  Fe,  0.12  Zn, 
0.03  P 

120 

16.3 

7 

0.263 

65  j 

C195 

1.4  Fe,  0.1  P,  0.8 
Co,  0.6  Sn 

119 

16.9 

2 

0.197 

50  1 

1  C197 

0.6  Fe,  0.05  Mg, 
0.2  P 

1 18 

16.8 

7 

0.32 

80 

C19750 

0.6  Fe,  0.05  Mg, 
0.2  P,  0.23  Sn 

120 

16.9 

7 

0.262 

65 

C505 

1.25  Sn.  0.1  P 

117 

17.3 

8 

0.21 

48 

C70250 

3  Ni,  0.65  Si,  0.15 
Mg 

131 

17 

2 

0.172 

40 

C50710 

(MF202) 

2  Sn,  0.2  Ni,  0.15 

P 

1 13 

17 

i 

11 

0.15 

30 

PBR-2 

6  Sn.  0.2  P 

108 

'  18 

10 

— 

— 

OFC 

99.9  Cu 

117 

i  17.6 

5 

0.398 

100 

Silicon 

Si 

188 

i  2.6 

-- 

0.084 

! 

w  1  1 1  V”  V  1  1 

EMC 

Low  Stress  Epoxy 

14.7 

I  20  to  24 

— 

— - 

The  thermal  coefficient  of  expansion  is  the  fraction  of  the  initial  length  a  material  will  expand  per  degree. 
Thermal  conductivity  is  the  relation  of  thermal  flux  to  thermal  gradient  and  is  a  measure  of  thermal  energy  w  i 
can  be  dissipated  for  each  degree  difference  in  temperature.  Electrical  If 

measure  of  the  ease  of  passing  electrical  current  through  a  P® 

electrical  conductivity  of  the  International  Annealed  Copper  Standard  (lOO/o  lALS). 

Strength  and  Formability;  High  strength  leadframes  are  desirable  but  attempts  to  increase  the  strength  of  a 
material  usually  results  in  a  loss  of  ductility  and  lower  electrical 

4%  is  eenerally  desired  for  good  formability  and  resistance  to  lead  bend  failure  (6).  Of  the  methods  available  to 
increast  streng*,  only  grain  size  reduction  increases  strength  with  an  acceptable  decrease  in  percent  elongatiom 
Deformation  o^f  the  leadframe  alloy  below  the  recrystallization  temperature  generally  produces  a  reduction  in  gram 
size.  This  is  accomplished  through  the  reduction  in  the  thickness  of  the  alloy  strip  by  cold  work/annealing  cycles. 

Temoer  designations  are  arbitrarily  assigned  to  different  tensile  strength  ranges  produced  by  different  percent 
redSns  in  Sn ess  1/4  hard,  1/2  hard,  3/4  hard,  hard,  extra  hard  and  spring  hard  are  typica  temper 
designations  Hard  tempers  are  most  often  used  for  leadframe  manufacturing.  A  0.02’  annealed  metal  rolled  down 
to  0  would  represem  50%  reduction  (7).  The  leadframe  material  behaves  amsotropically  subsequent  to  cold 
working.  When  bending  the  material,  the  bend  axis  perpendicular  to  the  direction  of  the  fjsP'aysfn  ^ 

in  formability  over  the  axis  parallel  to  the  direction  of  rolling.  The  perpendicular  axis  is  referred  to  as  ^ood  y 
bending  and  the  parallel  axis  is  referred  to  as  '‘bad  way.” 

Lead  Bend  Fatigue;  Metal  fatigue  resistance  is  an  important  quality  in  leadframe  material.  Bending  occurs  in 
, rim  and  Koperadons  as  well  as  mad.erten,  bending  in  handling,  which  requires  toher  bending  10  straighten 
out.  Any  cracks'^  in  the  leads  during  this  bending  compromises  the  reliability  of  the  device  and  must  be  rejected. 
This  is  known  as  lead  bend  fatigue,  LBF. 
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MiiNStd-883,  test  method  2004-B2,  describes  the  test  used  to  monitor  LBF;  the  material  must  complete  three  full 
90°  bending  cycles  without  cracking.  The  quality  of  the  cut  edges  of  the  material  should  be  taken  into  account  as 
nicks,  slivers  and  other  defects  can  be  sites  for  crack  propagation  and  atfect  the  test  results.  Alloy-42  is  the  most 
resistant  to  LBF,  but  is  twice  the  cost  of  Cu  alloy  materials,  and  has  poor  thermal  and  electrical  conductivities.  The 
Cu  alloys  are  typically  adequate  in  LBF  resistance  and  increased  LBF  resistance  is  seen  with  cold  working. 

Softening  Resistance:  One  challenge  in  developing  alloys  for  leadframe  material  is  to  increase  the  softening 
resistance.  Softening  occurs  at  some  annealing  temperature  where  recrystallization  occurs.  The  result  is  a  large 
drop  in  strength.  99.9%  Cu  softens  below  200°C,  an  unacceptably  low  temperature,  within  the  die  attach  cure 
temperature  of  many  die  attach  compounds.  Small  additions  of  other  elements  to  copper  has  a  marked  effect  on  the 
softening  resistance.  Adding  just  0.06%  Ag  to  Cu  increases  the  softening  temperature  to  over  320°C.  In  all  copper 
alloys  the  higher  the  temper,  the  lower  the  softening  temperature  for  a  given  alloy.  Alloy-42,  the  only  widely  used 
non-Cu  leadframe  material,  is  the  most  resistant  to  softening  followed  by  Cl 95,  Cl 94,  C151,  Cl 55  and  finally 
Clio,  99.9  %  Cu.  The  relationship  between  hardness  and  temperature  is  well  known  for  a  variety  of  leadframe 
materials  (8). 

Besides  Ag,  elements  commonly  added  to  copper  to  increase  the  strength  and  softening  resistance  include  Co, 
Ni,  Fe  and  Sn.  Alloying  elements  present  in  the  alloy  as  solid  solutions  will  greatly  decrease  both  the  thermal  and 
electrical  conductivity.  Alloying  elements  present  within  finely  dispersed  precipitates  add  strength  to  the  material 
without  deterioration  of  the  thermal  or  electrical  conduction.  This  can  be  accomplisned  by  heat  treatment  of  certain 
alloys  to  bring  about  the  controlled  precipitation  of  a  second  phase. 

2.4  Leadframe  Design  and  Structure 

2.4.1  Introduction 

The  design  of  a  leadframe  contains  many  general  features  that  are  found  in  most  leadframes,  regardless  of  the 
application  or  package.  It  also  contains  features  that  are  specific  to  package  configuration,  size,  and  end  use.  The 
features  also  relate  to  the  actual  manufacture  of  the  leadframe  and  package.  For  instance,  most  leadframes  are 
available  in  either  strip  or  reel  form,  with  each  site  connected  by  the  rails.  These  rails  provide  stability  during 
processing,  electrical  continuity  for  pre-plating,  and  allow  the  leadframes  to  be  handled  automatically  by  the 
processing  equipment. 


In  considering  the  design  of  leadframes,  it  is  helpful  to  review  the  exact  purpose  of  the  leadframe  in  the 
manufacture  and  end  use  of  the  packaged  device.  Throughout  the  entire  assembly  process,  the  leadframe  plays  a 
major  role  in  the  reliability  and  manufacturability  of  the  final  product.  In  a  sense,  it  is  the  basic  structure  around 
which  the  entire  package  is  built  around.  Some  of  the  reliability  and  manufacturing  issues  that  are  influenced  by  the 
leadframe  design  are: 

•  delamination, 

•  moisture  penetration/corrosion, 

•  stress, 

•  outer  lead  beam  strength,  and 

•  thermal  conductivity. 

As  the  various  general  and  special  features  of  leadframes  for  plastic  packages  are  described,  their  relation  to  the 
above  mentioned  reliability  and  manufacturing  issues  will  be  emphasized,  as  well  as  function  and  other  information. 
Other  issues,  such  as  design  differences  due  to  stamping  vs.  etching  and  fine  vs.  coarse  pitch  will  also  be  related. 

2.4.2  Basic  Features 

The  basic  features  of  leadframes  are  listed  below.  Each  has  a  function  that  is  critical  to  all  leadframes  used  in 
plastic  packages.  There  are  some  instances  where  one  of  these  basic  features  may  be  either  absent  or  drastically 
redesigned  in  some  special  packaging  configurations. 

Rails/Strip:  The  purpose  of  the  leadframe  strip  is  to  hold  a  specified  number  of  frames  together  for  processing. 
This  is  primarily  accomplished  by  manufacturing  the  leadframes  attached  together  by  rails  on  either  side  of  the  strip. 
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The  strip  rigidity  depends  heavily  on  the  width  of  the  rails;  in  general  between  80  and  300  mils  wide.  This  is 
especially  critical  for  fine  pitch  applications  where  leadframe  thickness  is  typically  thinner  than  coarse  pitch 
leadframes,  6  mils  vs.  10-15  mils.  Interdigitated  frames  (IDF)  are  a  type  of  leadframe  design,  typically  used  for 
DIPS,  which  maximizes  the  area  on  the  strip  by  meshing  the  outer  leads  of  each  unit  with  its  adjacent  units  on  the 

strip. 

Outer  Leads:  The  purpose  of  the  leadframe  outer  leads  is  to  provide  a  terminal  connection  to  the  printed  circuit 
board  from  the  IC.  The  leadframe  outer  lead  pitch  and  configuration  are  set  by  the  type  of  package  and  end  use.  For 
example,  molded  DIPs,  which  are  typically  inserted  into  PCB  through  holes,  require  only  one  bend,  whereas  a 
surface  mounted  package,  such  as  a  PLCC  or  QFP,  may  require  more  complex  bending.  Table  2-4  lists  the  various 
package  types  and  their  type  of  lead  deformation. 

Table  2-4:  Lead  deformation 


Package  Type 

Lead  Deformation 

Number  of  Bends  i 

SOT 

Gull  wing 

2  i 

SIP 

Straight 

0 

MDIP/PDIP 

90'’ 

1 

ZIP 

Zigzag 

2  i 

SOP 

Gull  wing 

2 

PLCC 

J-bend 

2 

SOJ 

J-bend 

2 

POFP 

Gull  wing 

2 

TO 

Straight/Bent 

0-2 

The  outer  leads  need  to  be  designed  with  the  appropriate  thickness  as  well  as  material  and  metallurgy,  to  withstand 
the  various  processing  and  assembly  stresses. 

Dambar;  The  purpose  of  the  dambar  is  to  stop  plastic  flow,  prevent  mold  flash  and  hold  the  leads  together  und I 
the  trimming  operation.  This  is  accomplished  by  designing  a  bar  into  the  leadframe  that  extends  around  the 
perimeter  of  the  desired  packaged  outline.  In  general,  the  dambar  width  should  be  approximately  twice  the 
leadframe  thickness.  In  the  special  case  of  fine  pitch  applications,  dambar  width  should  be  kept  larger  than  5  mils. 
The  dambar  should  be  located  close  enough  to  minimize  flash,  but  far  enough  from  the  package  outline  to  allow  tor 
deflash  during  trimming. 

Inner  Leads;  The  purpose  of  the  inner  leads  is  to  provide  bonding  targets  and  an  electrical  path  to  the  outside 
environment  from  the  chip.  In  designing  the  inner  lead  configuration,  considerations  must  be  given  to  lead  pitch  and 
spacing  based  on  material  thickness,  manufacturing  method,  coining,  and  optimum  Beam  Strength  Ratio  (BSR). 
The  BSR  is  a  function  of  the  lead  dimensions  as  given  in  the  following  equation: 

BSR  =  [thickness/width]  X  length 

The  BSR  is  a  measure  of  a  lead’s  resistance  to  lateral  deflection.  In  general,  a  low  BSR  (  <  1  )  is  better  than  a 
high  BSR.  It  is  also  used  in  determining  the  need  for  taping  of  the  leads  for  stability.  Allowing  for  the  largest 
(widest)  possible  cross  section  for  a  feature  helps  keep  the  BSR  low.  In  most  conventional  packages,  the  leads  are 
radially  aligned  such  that  they  are  divergent  away  from  the  die  attach  pad.  For  stamped  frames,  the  rninimum 
spacing  and  width  are  approximately  the  material  thickness.  Table  2-5  lists  the  general  design  rules  for  lead  spacing 
and  width  for  etched  leadframes. 

The  lead  tips  should  be  fabricated  to  have  sharp  corners  for  a  clearly  defined  bonding  area.  The  design  of  the 
inner  leads  should  always  account  for  metal  deformation  or  lead  growth  effects  on  metal-to-metal  spacing.  These 
effects  arise  from  the  coining  operation.  Jahsman  (9)  discusses  the  limitations  on  bond  densification  and  die  size 
imposed  by  leadframe  design.  The  result  is  a  variable  center,  variable  radius  inner  lead  layout,  sometimes  noted  as 
fanout  which  helps  keep  constant  bond  pad  pitch  on  the  die  and  lowers  the  angle  of  attack  between  the  wire  and  the 
lead  tip  orientations  of  the  second  bond.  This  is  currently  used  in  most  fine  pitch  QFP,  PLCC,  and  other  quad 
designs. 
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Table  2>5:  Lead  spacing  and  width  for  etched  leadframes 


Material  Thickness 
(mils) 

Lead  Spacing  (mils) 

Lead  Width  (mils) 

10 

6 

5 

s 

5 

5 

6 

4.1 

4 

5 

3.7 

4 

4 

3.3 

4 

It  should  be  noted  that  deflection  of  the  inner  leads  can  occur  vertically  during  the  molding  operation.  This  arises 
from  the  different  flow  rates  of  EMC  between  the  two  halves  of  the  mold  cavity.  In  most  coarse  pitch  low  lead 
count  packages,  this  is  not  a  problem.  However,  with  decreasing  package  size  and  increasing  I/O,  this  becomes  a 
problem.  Suhir  and  Manzione  (10)  evaluated  the  maximum  stresses  and  deflections,  and  found  that  lead  deflection 
is  proportional  to  the  fifth  power  of  lead  length  and  the  inverse  third  power  of  lead  thickness.  Equations  for 
determining  maximum  stresses  and  deflections  given  material  and  process  parameters  are  also  given. 

Die  Attach  Pad/Flag:  The  purpose  of  the  die  attach  pad  (DAP),  or  flag,  is  to  provide  an  area  of  support  for  the 
chip  in  the  package.  Typically,  an  epoxy  is  used  to  attach  the  chip  on  the  pad.  It  also  serves  secondary  purposes  of 
promoting  heat  transfer  from  the  chip  to  the  leadffame  and  providing  overall  stability.  In  most  cases,  the  DAP  is 
part  of  the  leadffame  itself,  stamped  or  etched  out  during  the  manufacture  of  the  leadframe.  There  are  special  cases 
where  a  DAP  is  not  used.  Suzumura,  Kawamura,  and  Tubosaki  (II)  describe  the  development  of  a  special 
leadframe  for  the  Chip-On-Lead  package  technology.  Using  the  special  leadframe,  the  chip  is  directly  attached  to 
the  inner  leads  via  a  non-conductive  polyimide  film.  The  chip  is  wirebonded  on  two  sides  of  the  chip.  This 
leadframe  allows  for  the  use  of  a  few  standard  widths  with  varying  lengths  for  packaged  DRAMs  of  increasing 
memory  size. 

In  many  plastic  packages,  the  DAP  is  “downset”  from  the  plane  of  the  outer  leads.  This  is  accomplished  using 
tooling  specially  designed  to  lower  the  DAP  by  forming  the  tie  bars.  The  purpose  of  downsetting  the  DAP  is  to 
bring  the  top  of  the  die  to  the  same  plane  as  the  top  of  the  inner  lead  tips.  This  provides  easier  more  reliable  wire 
bonding  to  be  performed  and  minimizes  wire  sweep. 

Tie  Bars:  The  purpose  of  tie  bars  are  to  provide  stability  for  the  DAP.  They  are  usually  the  only  link  between 
the  DAP  and  the  rest  of  the  leadframe.  They  usually  extend  beyond  the  package  outline.  A  general  guideline  for  tie 
bar  width  is  no  smaller  than  150%  of  the  material  thickness.  Notches  and  fishtail  are  incorporated  to  facilitate 
trimming.  As  mentioned  above,  the  tie  bars  are  formed  to  lower  the  DAP  when  downsetting  is  required.  The 
downset  angle  is  typically  30°. 

Indexing  Holes:  The  purpose  of  indexing  holes  on  the  rails  of  the  leadframe  is  to  provide  a  reference  point  and 
facilitate  automatic  handling  of  the  frames.  In  such  cases  where  automated  machinery  and  reel  supply  is  used,  they 
allow  the  frame  to  be  indexed  to  the  next  site  when  processing,  such  as  wire  bonding,  is  complete  on  a  site.  In  most 
cases,  location  of  indexing  holes  is  specified  for  the  particular  package  configuration  by  international  standards 
organizations  such  as  JEDEC  and  EIAJ. 

2.4.3  Special  Features 

This  is  a  list  of  special  features  that  may  be  found  in  most  leadframes.  In  most  of  these  cases,  the  features  serve  a 
secondary  purpose  above  and  beyond  the  basic  purpose  of  the  leadframe.  For  example,  reducing  distortion  in  the 
leadframe  is  considered  a  secondary  purpose  to  the  basic  purpose  of  providing  electrical  connection.  These  special 
features,  although  not  considered  basic  in  this  report,  are  in  most  cases  critical  to  the  packages  that  use  them. 

Expansion  Slots:  The  purpose  of  expansion  slots  is  to  reduce  leadframe  distortion  due  to  thermal  stresses  during 
the  molding  process.  They  are  used  in  cases  where  there  is  wide  metal  and  relatively  low  material  thickness.  Slots 
also  help  in  reducing  oil  canning  problems  with  stamped  frames  when  wide  metal  areas  occur  larger  than  about 
0.040”.  There  is  no  set  rule  for  the  number  of  expansion  slots  except  to  say  that  there  can  never  be  too  many. 
Minimum  width  is  generally  between  100  to  150%  of  the  material  thickness.  The  slots  are  usually  symmetric  along 
the  long  and  short  axis  of  the  leadframe  strip.  Sometimes,  square  holes  are  also  used  in  addition  to  slots. 
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Locking  Features:  The  purpose  of  the  various  locking  features  found  on  leadframes  is  to  provide  improved 
physical  adhesion  between  the  epoxy  molding  compound  and  the  leadframe.  A  by-product  of  the  improved 
adhesion  is  a  higher  resistance  to  moisture  ingress  via  the  EMC/leadframe  interface.  These  features  are  usually 
present  in  the  following  leadframe  features: 

•  locking  holes  on  inner  leads, 

•  locking  holes  on  the  tie  bars, 

•  locking  holes  on  the  DAP, 

•  anchors/hooks, 

•  dimples, 

•  scallops,  and 

•  fishtail. 

in  general,  locking  holes  on  inner  leads  are  rectangular-shaped.  They  seem  to  be  used  as  the  primary  locking 
mechanism  in  most  frames,  due  to  the  relatively  short  path  for  moisture  ingress  through  the  leads.  They  should  be 
kept  at  a  minimum  of  0.008”  from  the  package  outline  and  are  size-limited  to  the  location  on  the  leadframe  and  the 
manufacturing  process.  Locking  holes  on  the  tie  bars  work  in  much  the  same  way  as  those  on  the  inner  leads.  They 
are  often  combined  with  what  is  known  as  “fishtail.”  Fishtail  located  at  the  end  of  the  tie  bar  farthest  from  the  DAP. 
It  allows  for  the  expansion  of  the  leadframe  without  bending  when  the  leadframe  is  first  placed  into  the  mold.  Tlie 
temperature  difference  between  the  leadframe  and  the  mold  is  great  initially  and  accounts  for  DAP  shift  due  to 
thermal  stresses.  Fishtail  and  other  designs  are  supposed  to  absorb  deformation  and  keep  the  DAP  level.  Most 
leadframe  manufacturers  prefer  anchors  over  locking  holes,  especially  for  stamped  frames.  Square  holes  are  usually 
preferred  over  round  holes  in  those  cases.  In  general,  the  locking  hole  diameter  should  be  approximately  150%  of 
the  material  thickness, 

Dimples/Scallops:  Dimples  and  scallops  are  listed  above  as  alternative  locking  features  to  locking  holes  on 
inner  leads.  They  help  anchor  the  DAP  to  the  EMC.  The  minimum  size  and  spacing  of  dimples  on  the  DAP  depend 
upon  the  method  of  manufacture.  Dimples  on  stamped  frames  are  approximately  0.004”  across  and  are  roughly  l/IO 
the  thickness  of  the  material  depth.  For  etched  frames,  the  dimple  depth  is  approximately  half  the  material 
thickness.  The  diameter  is  100%  of  the  material  thickness. 

A  scallop  is  an  intentional  regular  protrusion  of  metal  from  the  DAP.  It  is  an  alternative  locking  feature  that 
solely  aids  in  mechanical  adhesion  between  the  leadframe,  via  the  DAP,  and  the  EMC. 

V-Notches:  V-notches  allow  for  easier  separation  of  the  package  from  the  rails.  It  is  usually  only  used  in 
stamped  leadframes  for  coarse  pitch  applications.  This  is  because  stamped,  coarse-pitch  leadframes  use  the  thickest 
material.  The  notch  is  generally  located  on  the  tie  bar  near  the  package  outline.  No  V-notches  are  used  in  fine  pitch 
stamped  frames  or  etched  frames. 

V-Grooves:  The  purpose  of  the  V-grooves  is  to  improve  adhesion  between  the  inner  leads  and  the  EMC.  The 
grooves  run  perpendicular  to  the  leads  in  the  plane  of  the  frame.  They  must  be  located  no  closer  than  0.005”  from 
the  coined  surface  of  the  inner  lead  and  no  closer  than  0.003”  from  the  package  outline. 

Tape:  The  purpose  of  taping  the  inner  leads  is  to  maintain  lead  position  during  processing  and  assembly. 
Determining  whether  and  how  a  frame  needs  to  be  taped  is  based  on  the  BSR  and  customer  specifications. 
Typically,  tape  is  used  in  certain  high  lead  count,  fine  pitch  applications  where  long  inner  leads  are  needed.  The 
standard  size  of  tape  width  ranges  from  0.040”  to  0.060”  wide.  Most  tape  is  on  the  order  of  0.002”  thick  with  less 
than  0.001”  of  adhesive.  It  is  usually  applied  on  the  plated  side  of  the  frame.  The  tape  material  should  be  able  to 
withstand  the  thermal  processing  that  most  leadframes  see  during  assembly  and  end  use.  Polyimide  tape  is  used 
widely. 

2.4.4  Effect  on  Reliability 

Delamination:  Delamination  or  package  cracking  can  be  avoided  by  utilizing  a  number  of  the  features  above  in 
the  leadframe  design.  One  cause  of  delamination  is  poor  adhesion  between  the  leadframe  and  the  EMC  or  die  attach 
material.  This  can  be  alleviated  by  utilizing  some  of  the  locking  features,  such  as  inner  lead  locking  holes,  dimples 
or  scallops  on  the  DAP,  anchors  on  the  leads  or  tie  bars,  and  fishtail.  Additionally,  accounting  for  other  areas  of 
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stress  concentration  in  the  plastic  package  that  arise  from  leadframe  desig:.  can  greatly  improve  package  cracking 
resistance.  The  locking  configurations  basically  reduce  the  mean  leadframe/EMC  interface  area  by  placing  “pillars” 
of  EMC  through  the  leadframe,  which  provide  crack  propagation  barriers. 

Moisture  Penetration/Corrosion:  A  related  issue  to  delamination  is  moisture/ion  penetration  into  the  package. 
The  rapid  heating  that  the  package  sees  during  surface  mounting  can  lead  to  delamination  and  package  cracking  via 
expansion  of  vaporized  moisture  that  collect  at  the  surface.  The  same  moisture  can  dissolve  ions  from  the  EMC 
which  help  corrode  parts  of  the  interior  of  the  package.  The  locking  holes  placed  on  the  inner  leads  and  the  tie  bars 
help  improve  adhesion  and  reduce  the  available  area  of  interface,  thereby  reducing  the  amount  of  ingress  of  moisture 
due  to  capillary  action. 

Stress:  Stress  is  always  present  in  the  manufacture  and  use  of  a  plastic  package.  The  leadframe  is  under  a 
myriad  of  stresses  when  it  goes  through  the  manufacturing  and  assembly  processes.  For  this  reason,  features  such  as 
expansion  slots  are  incorporated  into  the  leadframe.  Excess  stress  becomes  a  problem  in  many  fine  pitch,  high  I/O 
designs.  To  avoid  the  buckling  that  can  occur  in  leadframes  made  with  thinner  material,  i.e.  fine  pitch,  expansion 
slots  are  placed  in  the  wide  metal  areas,  i.e.  rails.  During  heating,  these  slots  help  reduce  the  buckling  associated 
with  expansion  stresses  in  the  leadframe.  These  slots  also  help  reduce  the  buckling  that  can  occur  after  molding 
during  cooling. 

Another  design  solution  for  stress-related  problems  is  to  strengthen  the  leadframe  by  design.  Optimizing  the 
BSR  can  help  alleviate  lateral  stress  problems  by  strengthening  the  lead.  Taping  the  leads  can  also  help  by  making 
the  movement  of  one  lead  dependent  on  the  others,  thereby  increasing  the  stress  required  for  deflection. 

Outer  Lead  Beam  Strength:  Outer  lead  problems  such  as  lead  bend  fatigue  and  lead  break  are  generally 
material  issues,  but  design  can  also  help  to  correct  them.  Designing  thicker,  wider  outer  leads  with  larger  bend  radii 
can  help  eliminate  lead  break  problems  by  decreasing  the  stress  imposed  on  the  lead. 

Thermal  Conductivity:  The  thermal  characteristics  of  a  plastic  package  depend  on  many  factors.  Leadframe 
design  plays  a  prominent  role  in  the  thermal  characteristics  of  the  package.  The  use  of  wide  leads  (large  cross- 
sectional  area),  heat  spreaders,  and  redundant  leads  helps  in  the  transmittal  of  thermal  energy  away  from  the  interior 
of  the  package.  Wide  leads  lower  the  resistance  of  the  leads.  Heat  spreaders  attached  to  die  attach  pads  help 
provide  maximum  external  surface  area  for  radiation  and  convection  cooling.  The  redundant  leads  provide  more 
cross-sectional  area  for  maximum  heat  transfer.  Sub-section  2.4.5  contains  an  example  of  the  use  of  an  expanded 
DAP,  redundant  leads,  and  a  heat  spreader  in  a  medium  to  high  power  application. 

2,4.5  Application/Package  Specific 

Lead  counts  for  specific  packages:  Table  2-6  is  a  list  of  plastic  package  types,  lead  count  range,  lead  pitch, 
and  applications. 

Medium  to  high  power:  In  these  applications,  the  important  issue  is  thermal  dissipation.  The  thermal  resistance 
of  a  package  from  junction  to  ambient,  is  used  as  a  general  indicator  of  the  thermal  dissipation  capabilities  of 
packages.  Packages  with  good  thermal  capabilities,  i.e.  lower  are  generally  used  for  these  applications,  such  as 
SlPs,  DIPS,  TOs,  etc.  In  general,  high  power  packages  are  characterized  by  thick  leads  made  of  materials  with  good 
thermal  conductivity,  such  as  copper  alloys.  The  larger  cross  sectional  area  of  the  leads  lowers  the  thermal 
resistance  of  the  leads  and  the  package  overall.  In  many  cases,  heat  spreaders  are  preferred  to  enhance  the  removal 
of  thermal  energy  from  the  interior  of  the  package.  The  heat  spreaders  are  generally  made  of  copper  or  some  other 
low  thermal  resistance  alloy  and  plated  to  improve  environmental  resistance.  They  are  usually  attached  to  either  the 
back  side  of  the  die,  some  or  all  of  the  leads,  or  both.  Kasem  and  Feinstein  (12)  describe  a  non-conventional  molded 
DIP  for  medium  to  high  power  applications.  It  exhibits  improved  0.^  through  leadframe  modification  by  integrating 
the  DAP  with  some  leads  and  creating  a  web  to  which  an  external  heat  spreader  may  be  applied. 

Multi-Chip  Packages  (MCP):  The  trend  toward  higher  clock  speeds,  increasing  memory  sizes,  and  decreasing 
PCB  landscape  has  driven  the  need  for  integrated  multiple  chip  packaging  as  one  solution.  The  question  of  how  to 
make  a  MCP  economically  is  one  that  is  the  subject  of  much  debate  and  research.  Many  agree  that  plastic 
packaging  will  play  a  major  role  in  future  MCP  solutions.  Currently,  many  companies  select  the  QFP  as  the 
package  of  choice  for  their  integration. 
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This  brint^s  up  the  issue  of  how  to  efficiently  package  multiple  die.  One  of  the  approaches  that  can  be  used  is 
altering  the  feadframe  to  fully  utilize  the  space  available  within  the  package.  By  integrating  the  leadframe  and 
substrate  both  mechanically  and  electrically,  thereby  eliminating  the  DAP,  the  process  can  be  simplified  and  more 
package  real  estate  can  be  gained.  There  are  two  approaches  to  doing  this.  The  simpler  method  involves  physically 
and  electrically  bonding  the  lead  tips  to  pads  on  the  outer  edge  of  the  substrate.  This  creates  an  electrical  connection 
as  well  as  providing  a  die  attach  substrate.  The  other  method  involves  the  integration  of  the  leadframe  as  the  center 
layer  of  a  multiple  layer  substrate.  This  method  uses  through-hole  plating  and  other  PCB  techniques  to  accomplish 

the  same  goal. 

Table  2-6:  Plastic  packages 


Package  Type 

Lead  Count 

Lead  Pitch 
(mni) 

Application  I 

SOT 

3 

3.0 

Diodes,  transistors  1 

SIP 

3-12 

2.5 

Power  transistors,  Darlingtons  | 

plus  control  logic _ 

MDIP/PDIP 

8-64 

2.5 

Linear,  logic,  DRAMs,  SRAMs, 
microprocessors,  ROMs, 

PROMs,  sate  arrays 

ZIP 

16-24 

1.3 

DRAMs,  SRAMs 

so 

8-28 

1.3 

Linear,  losic,  SRAMs 

PLCC 

18-24 

1.3 

DRAMs,  logic,  PROMs, 
microprocessors,  gate  arrays, 
standard  cell 

SOJ 

20-26 

1.3 

DRAMs 

POFP 

88-200 

0.6 

Gate  arrays,  standard  cell  logic 

VSOP 

16-30 

0.6 

DRAMs 

VSOF 

32-100 

0.5 

Gate  arravs 

2.5  Leadframe  Manufacturing 
2.5.1  Introduction 

In  this  section  leadframe  manufacturing  methods  are  described.  Advantages  and  disadvantages  of  the  different 
techniques  are  compared  for  various  leadframe  requirements.  Reliability  issues  related  to  manufacturing  are 
discussed  at  the  end  of  the  Sub-section. 

The  basic  leadframe  manufacturing  sequence  is  as  follows: 

°  Pattern  leadframe  geometry  out  of  alloy  sheet  or  strip 

-  Stamped  leadframes 

-  Etched  leadframes 
o  Plate  leadframes 

-  internal  leads,  enhance  bondability 

-  external  leads  (before  or  after  IC  assembly) 

«  Tape  internal  leads  (optional) 

“  Downsetting  (optional) 

There  are  two  main  methods  of  producing  leadframes;  they  are  either  stamped  out  of  the  base  material  or 
photochemical ly  etched  out  of  this  material.  Stamping  is  a  high  initial  cost  process  which  is  low  cost  per  part  tor 
high  volumes,  in  the  millions  of  parts.  Leadframe  production  targeted  for  high  speed,  high  volume  is  best  suited  for 
stamping.  On  the  other  hand,  designs  requiring  fine  pitch  and  thin  leads  are  better  suited  for  etch  manufacturing. 
Distortion  of  the  material  is  more  likely  when  stamping  thin,  fine  geometry  material.  High  lead  count  leadframes, 
with  many  features,  require  multiple  passes  through  stamping  presses  which  can  lead  to  registration  problems. 
Etching  is  more  easily  performed  on  these  higher  pin  count  leadframes.  Low  volume  builds  lend  themselves  to 
etching  because  the  hardware  set  up  is  less  expensive. 

2.5.2  Stamping  Leadframes 
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Advantages  and  disadvantages  of  stamping  leadframes,  process  description,  and  problems  arising  from  stamping 
will  be  discussed  in  this  Sub-section.  High  volume  production  of  leadframes  is  suitable  for  stamping  if  the  design  is 
not  too  complicated.  High  pin  count  leadframes  will  require  more  process  characterization  to  stamp.  Stamping  is 
most  appropriate  for  gross  to  moderate  geometries  and  moderate  to  thick  leadframes.  The  stamping  press  is  set  up 
in  a  reel  to  reel  format  where  material  is  removed  from  the  alloy  sheet  using  punches  and  dies.  Inspection  of 
stamped  leadframes  is  critical.  Such  defects  as  burrs,  slug  marks,  toll  marks,  and  others,  can  result  from  improper 
tool  care  or  adjustment. 


Table  2-7:  Stamping  leadframes 


Advantages 

Disadvantages 

Low  cost  for  large  volume  production 

High  initial  cost,  not  for  small  builds 

Requires  a  small  equipment  footprint 

Induces  stress  in  the  leadframe 

Reduces  process  steps;  no  masking 

Difficult  to  stamp  thin  material  without  distortion 

Automated  process 

Long  leads  of  fine  pitch  are  likely  to  be  distorted 

Benefits  of  Stamping:  Table  2-7  gives  a  breakdown  of  the  advantages  and  disadvantages  of  stamping 
leadframes.  Stamping  is  the  manufacturing  process  of  choice  for  high  volume  production.  It  is  less  expensive  per 
part  and  is  much  faster  than  etching  for  square  foot  of  process  area.  Stamping  becomes  inappropriate  at  high  lead 
count  leadframes  of  fine  pitch.  These  leadframes  are  necessarily  thin  and  generally  cannot  stand  up  to  the  stamping 
while  maintaining  planarity. 

Process  Description:  To  maintain  planarity,  the  strip  first  passes  through  a  flattening  tool  or  straightener.  The 
straightener  is  usually  a  high  force  roller  which  flattens  the  material.  The  section  of  the  strip  to  be  stamped  moves  to 
the  stripper  plate  where  it  enters  a  series  of  tungsten  carbide  punches  and  dies  called  the  progressive  die.  First,  the 
guide  holes  on  both  edges  of  the  strip  are  punched  out  giving  the  material  a  reference  point  to  each  leadframe  site. 
Pins  entering  the  guide  holes  hold  the  strip  in  the  proper  location  throughout  the  stamping  process. 

The  material  removed,  or  slugs,  fall  into  the  dies  which  are  wider  beyond  the  initial  orifice  such  that  the  slugs 
pass  through  to  a  scrap  bucket  below.  The  strip  is  indexed  to  successive  stations  where  punches  and  dies  remove 
material  until  the  final  leadframe  configuration  remains.  Often  to  maintain  planarity,  30  to  75  mils  of  edge  material 
is  removed  during  the  stamping.  This  edge  region  is  the  area  with  the  greatest  residual  stress.  Stamping  presses  are 
typically  20  to  40  inches  long  and  hold  from  40  to  over  350  punches.  The  stamping  press  is  set  up  in  a  reel  to  reel 
format.  Presses  are  generally  rated  between  20  and  200  tons  and  run  at  speeds  of  up  to  a  maximum  of  1000  strokes 
per  minute.  Typical  running  speeds  are  between  250  strokes  per  minute,  for  higher  lead  count  leadframes,  to  800 
strokes  per  minute  for  more  simple  structures. 

Stamping  Problems:  Stress  introduced  during  stamping  is  a  major  concern  when  using  the  technology.  Quality 
of  the  punches  and  dies  can  sharply  affect  the  product  and  maintenance  of  these  parts,  sharpening  and  replacement, 
isO  critical.  Table  2-8  lists  many  defects  resulting  from  stamping. 

Table  2-8:  Stamping-induced  defects 


Defect 

Cause  1 

Oversize  inner  lead  pad 

Excessive  coining  force  I 

Cross  bow 

Stress  in  leadframe  material  I 

Edge  burrs 

Dull/worn  punching  tool 

Tool  marks 

Broken/wom  punch  tool 

Twisted  leadframe 

Low  die  to  tool  clearance  I 

Stamped  leadframes  can  generally  be  manufactured  down  to  a  lead  position  tolerance  of  +  0.002  .  Stiffer 
material  is  easier  to  punch  without  distortion.  Worn,  chipped  or  rounded  punches  can  cause  burrs  in  the  leadframes. 
A  table  of  typical  defect  limits  for  the  internal  leads  of  a  40  pin  leadframe  are  given  in  Table  2-9. 
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Table  2-9:  Defect  limits  for  40  pin  leadframe  (13) 


Defect 

Permissible  Limit 

Lead  twist 

<5.5^ 

Vertical  deflection 

+  4  to  -  6  mils 

j  Lateral  deflection 

±  2  mils 

1  Vertical  burr 

<  20  microns 

i  Lateral  burr 

<30  microns 

2.5.3  Etching  Leadframes 

Leadframe  etching  is  considered  in  this  Sub-section,  The  advantages  relate  to  complicated  geometrical 
capabilities  whereas  the  disadvantage  mainly  lies  in  the  throughput  as  compared  to  stamping.  The  processing  may 
either  be  reel  to  reel  or  sheet  format.  The  stress-induced  defects  of  stamping  are  not  as  prevalent  in  etching  but  the 
leadframes  are  bound  by  the  same  planarity  and  geometry  issues.  Photomask  transfer  can  be  a  large  source  of 
defects. 

Advantages  of  Etching  Leadframes:  The  process  of  etching  alloys  into  leadframes  does  not  require  the  large 
initial  cost  for  tooling  which  stamping  needs.  Listed  in  Table  2-10  are  some  advantages  and  disadvantages  in 
etching  leadframes. 


Table  2-10:  Etching  leadframes 


Advantages 

Disadvantages 

Quick  turn  for  new  design,  fast  set  up 

Complicated  process,  many  steps 

Easily  define  complicated/fine  pitch  patterns 

Consumes  much  area>^floor  space 

Easily  handles  thin  material 

More  easily  oxidized  than  stamping  (wet 
processing) 

Inexpensive  for  small  lots  (few  1 0,000s) 

— 

To  change  from  one  leadframe  design  to  another  requires  a  few  $K  for  phototool  design  and  a  few  hours  to  a  few 
days  for  set  up.  The  same  change  can  cost  hundreds  of  $K  for  the  stamping  set  up.  It  takes  months  to  have  a  new 
stamping  tool  made.  The  photochemical  process  allows  for  tight  geometries  to  be  etched  without  large  amount  of 
stress  imparted  to  the  leadframe.  The  material  passes  through  many  processes  to  clean,  mask,  etch,  rinse,  and  dry. 
This  processing  takes  a  large  footprint  compared  to  stamping.  With  the  wet  processing  the  chance  of  oxidizing  the 
leadframes  is  increased. 

Process  Description:  Etched  leadframes  are  processed  in  either  reel  to  reel  coils  or  sheet  form.  Subsequent 
processing  is  basically  the  same  regardless  of  the  starting  shape.  The  incoming  strip  goes  through  pre-clean  and 
activation  steps,  in  chemical  baths,  removing  any  contamination  and  oxide.  The  material  is  covered  with  photoresist 
on  both  sides  in  either  laminated  sheet  or  liquid  form.  The  strip  is  then  brought  into  contact  with  a  photomask  which 
allows  ultraviolet  light  to  pass  through  those  areas  in  which  the  resist,  and  hence,  the  metal  is  to  be  retained 
(negative  photoresist).  The  patterned  material  then  goes  through  jet  etching.  Corrosive  chemicals  flow  through 
nozzles  directed  at  both  sides  of  the  strip.  The  etched  leadframes  are  etched  from  two  sides.  The  etch  is  anisotropic, 
roughly  2: 1  “etch  factor”.  The  2: 1  etch  factor  means  that  the  system  etches  twice  as  fast  in  the  Z  direction  as  in  the 
X  or  Y  directions.  Etching  in  the  X  and  Y  directions  usually  undercut  the  photoresist,  so  it  is  desirable  to  have  an 
etch  factor  greater  than  1:1  in  the  Z  direction. 

Etch  process  problems:  Those  same  planarity  and  surface  finish  criteria  given  for  stamping  in  Sub-section  2.5.2 
hold  for  etched  leadframes  as  well.  The  process  itself  tends  to  be  more  sensitive  to  uniformity  of  etching,  where 
metal  to  metal  clearance  can  be  a  problem,  and  mask  transfer,  where  mask  defects  transfer  onto  the  alloy. 

Leadframe  etching  capabilities  are  listed  in  Table  2-1 1  for  different  material  thicknesses.  The  numbers  are 
typical  and  will  vary  among  manufacturers.  The  minimum  spacing  is  the  space  between  surfaces  of  the  leads.  The 
metal  clearance  is  the  space  between  the  closest  points  on  the  sidewalls  of  the  leads. 
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Table  2-11:  Etched  leadframe  capabilities 


Material  Thickness 
(mils) 

Min.  Lead  Pitch  (mils) 

Min.  Nominal  Spacing 
(mils) 

Min.  Metal-Metal 
Clearance  (mils) 

4 

7.0 

3.0 

2 

5 

7.4 

I _ 3.d _ , 

2 

6 

7.9 

i  3.9 

2  1 

8 

8.7 

4.7 

2 . . 1 

After  etching  and  rinsing,  the  alloy  strip  goes  through  resist  removal.  The  resist  is  removed  by  running  the  strip 
through  more  nozzles,  this  time  spraying  resist  removal  chemicals.  After  rinsing  and  drying  the  etched  leadframe  is 
ready  for  final  inspection. 

2.5.4  Leadframe  Backend  Manufacturing 

The  back  end  processes  which  include  plating,  taping,  and  downsetting  are  crucial  to  the  manufacturing  of 
leadframes.  These  topics  together  with  attributed  problems  will  be  briefly  described. 

Plating  of  Leadframes:  There  are  two  reasons  that  one  might  plate  the  leadframe.  Plating  of  the  inner  leads 
with  a  pure  metallic  film  enhances  the  wire  bondability  of  the  lead  by  providing  a  dean,  fresh  surface  for  bonding. 
Plating  of  the  outer  leads  with  a  solder  or  other  layer  enhances  the  environmental  protection  of  the  lead  and  the 
solderability  of  the  lead  by  completely  coating  the  exposed  leads.  Usually,  a  leadframe  will  undergo  both  platings 
but  not  at  the  same  time.  For  more  description  on  plating  and  related  issues,  see  Sub-section  2.6,  Leadframe 
Plating. 

Taping  of  Leadframes:  Before  shipping  the  leadframes,  an  adhesive  which  is  typically  a  high  temperature, 
polyimide  tape  is  usually  placed  over  the  internal  leads  of  the  leadframe  to  hold  them  in  place.  This  is  most 
desirable  in  frames  with  small,  long  leads,  or  thin  material  as  in  high  lead  count  or  fine  pitch  applications.  In 
practice,  it  is  applied  to  the  majority  of  leadframes  over  20  leads. 

DAP  downset:  The  DAP  is  often  downset  to  put  the  chip  in  the  center  of  the  package.  This  allows  for  equal 
mold  compound  on  either  side  of  the  die.  This  way  the  rate  of  mold  cavity  filling  is  equal  on  either  side  of  the  die 
during  molding.  Forces  due  to  molding  acting  on  either  side  of  the  die  tend  to  be  equal  and  die  shift  is  prevented. 
Also,  because  the  surface  of  the  IC  is  now  lowered,  there  is  less  of  a  chance  of  edge  shorts  occurring.  After 
processing,  the  leadframes  are  packed  in  coils  (reels)  or  cut  into  strips,  approx  innately  6  to  10  inches  long,  for 
shipping  in  cartridge  form.  A  paper  or  plastic  of  width  similar  to  the  leadframe  strip  is  interwoven  between  the 
strips  for  protection. 

2.5.5  Reliability  Issues 


Table  2-12:  Manufacturing  processes  and  reliability 


Defect 

Process  Step  | 

Bond  or  wire  break 

Lead  twist 

Stamping  | 

Lead  tip  non-planarity 

Stamping 

Inner  lead  corrosion 

Etching 

Blistering 

Plating 

Bleed  out 

Plating 

Lead  shorting 

Edge  burr 

Stamping 

Slug/tool  marks 

Stamping 

Oversize  bonding  pads 

Stamping 

Insufficient  clearance 

Etching 

1  Die  lift 

Blistering 

Plating 

1 

Peeling 

Plating 

I 

Contamination 

Plating 

1 

Nodularity 

Plating 

Each  step  of  the  leadframe  manufacturing  presents  its  own  reliability  problems.  In  this  Sub-section  each 
manufacturing  step  will  be  considered  with  reliability  in  mind.  Table  2-12  presents  a  list  of  the  reliability  concerns 
associated  with  each  step  in  manufacturing. 

Reliability  Concerns  with  Stamping:  The  lead  tips  will  sometimes  twist  or  bend,  providing  a  distorted,  non- 
planar,  bonding  surface.  Bonding  can  still  be  performed  due  to  the  clamping  which  accompanies  bonding.  When 
the  clamping  is  removed,  however,  stress  will  be  placed  on  the  ball  bond  and  wire  as  the  frame  distorts  once  again. 
This  can  lead  to  broken  wires  and  lifting  ball  bonds. 

The  tool-induced  defects  occur  most  often  from  worn  or  faulty  tools.  These  defects  can  lead  to  shorting  as  pieces 
of  metal  are  torn  out  of  the  desired  position.  Coining  detects  tend  to  enlarge  the  pad  area  of  the  inner  leads 
increasing  chances  for  contact  with  adjacent  leads. 

Reliability  Concerns  with  Etching:  The  chemical  nature  of  the  etch  process  lends  itself  more  prone  to 
oxidation  of  the  leadframes.  The  oxidation  will  not  form  as  strong  a  bond  to  the  wire  as  clean  alloy,  and  the  bond 
may  fail.  The  photomasking  of  the  leadframes  in  the  etch  process  gives  opportunity  for  mask  transfer.  Mask 
transfer  opens  holes  in  the  photoresist  where  they  should  not  be.  Subsequent  exposure  to  the  etchant  removes  metal 
in  these  areas.  The  failures  due  to  these  holes  could  be  numerous.  Weakened  leads  could  short,  and  holes  in  leads 
could  cause  opens. 

Non-uniform  etching  can  lead  to  metal  clearance  problems.  Areas  etching  faster  may  have  the  correct  clearance, 
while  the  slower  etched  area  has  leads  which  are  too  wide.  Shorting  can  result  from  metal  clearance  problems. 

Reliability  Concerns  with  Plating:  Blistering,  peeling,  nodularity,  and  contamination  all  have  the  end  result  of 
inducing  poor  adhesion  of  the  wire  bonds  and/or  the  die  attach.  In  both  cases  the  wire  bond  is  in  jeopardy  and  opens 
can  result.  Contamination  may  also  lead  to  corrosion  and/or  current  leakage  if  the  contamination  is  ionic  in  nature. 

Bleed  out  occurs  when  the  plating  solution  plates  turther  up  the  leads  than  intended.  The  current  is  dispersed 
over  a  greater  area  and  the  deposit  will  be  thinner.  This  could  lead  to  poor  bondability  since  a  thinner  metal  deposit 
was  made. 

Reliability  Concerns  with  Taping/Downsetting:  Taping  and  downsetting  tend  to  improve  the  reliability  of  the 
package.  Taping  holds  the  leads  in  the  same  plane  resulting  in  less  stress  on  the  bonds.  Downsetting  results  in 
reduced  mold  forces  differential  improving  post-mold  die  positioning.  Downsetting  also  reduces  edge  short  by 
lowering  the  die  surface  with  respect  to  the  inner  lead  fingers. 

2,6  Leadframe  Lead  Finish 

2.6,1  Introduction 

Plating  of  IC  leadframes  is  discussed  in  this  Sub-section.  The  purpose  of  plating  the  leadframes  is  followed  by  a 
description  of  plating  methods.  Reliability  and  cost  related  to  leadframe  plating  is  reviewed  at  the  end  of  the 
section.  There  are  three  reasons  for  surface  finishing  of  the  leadframes: 

«  Enhance  wire  bonding  to  internal  leads 
«  Enhance  solderability  of  external  leads 
•  Environmental  protection  of  external  leads 

Internal  leads  are  plated  to  enhance  wire  bonding  in  package  assembly.  Precious  metal  can  be  plated  to  the  entire 
leadframe  to  accomplish  this,  but  most  often  selective  plating  of  the  bonding  area  is  used.  Reduced  metal 
consumption  keeps  costs  down  in  this  case. 

External  leads  are  usually  plated,  with  tin/lead  solder,  after  package  assembly.  Two  variations  from  this  are 
leadframes  pre-plated  by  the  manufacturer  and  assembled  parts  which  get  solder  dipped  or  plated.  The  solder 
finishing  of  external  leads  not  only  improves  solderability  for  mounting  the  chips  on  PWBs,  but  this  same  solder 
helps  protect  the  leads  from  corrosive  environments. 


2.6.2  Leadframe  Spot  Plating 


Internal  lead  plating  with  precious  metal  is  most  often  accomplished  by  selectively  plating  the  lead  tips  and  DAP 
of  the  leadframe.  Known  as  spot  plating,  the  process  represents  a  large  cost  savings  over  flood  plating  used  in  the 
past.  Flood  plating  coats  the  entire  leadframe  with  metal. 

Process  Description:  Spot  plating  of  leadframes  is  carried  out  on  a  reel  to  reel  automated  strip  plating  machine. 
Feed  and  uptake  spools  are  set  up  at  their  respective  ends  of  the  equipment.  Unplated  leadframes  are  fed  in  and  the 
plated  leadframes  are  taken  up  on  the  exit  reel.  The  strip  is  indexed  from  one  station  to  the  next  until  the  entire  reel 
has  been  processed.  A  new  reel  is  attached  to  the  last  frames  of  the  previous  reel  and  the  process  continues  without 
stopping.  In  a  similar  manner  the  take  up  reel  is  changed. 

The  distance  indexed  represents  the  physical  length  of  the  plating  process  and  this  is  the  length  of  the  strip 
section  which  is  plated  at  a  given  time.  This  is  accurately  measured  to  insure  that  every  frame  gets  completely 
plated  once.  Pre-clean,  activation,  rinsing,  and  plating  are  carried  out  in  series.  Cleaning  of  the  strip,  prior  to 
plating,  often  incorporates  a  chemical  clean  or  degrease  and/or  an  electroclean.  In  the  eiectroclean,  current  is  passed 
through  the  strip,  across  a  chemical  bath,  dislodging  any  oxidation  which  may  be  present  on  the  material.  The  strip 
is  next  indexed  to  a  rinse  bath  removing  any  residual  cleaning  chemicals. 

In  masking  off  the  area  not  plated,  a  hard  mask  is  used.  Made  of  plastic  or  other  chemically  resistant  material, 
the  mask  is  automatically  clamped  to  the  leadframe  strip  such  that  only  the  internal  leads  are  exposed  to  the  plating 
solution.  Typical  plating  time  is  a  few  seconds  at  over  1000  A/ft\  After  the  high  current  plating,  the  mask  plate 
releases  the  strip,  which  is  then  indexed  for  the  next  section  to  be  plated. 

The  plated  section  next  goes  through  a  rinse  station.  Rinsing  at  this  stage  is  a  recirculating  drag  out  rinse  so  that 
the  precious  metal  in  solution  on  the  strip  may  be  reclaimed.  After  rinse,  the  strip  receives  a  hot  air  dry  to  remove 
residual  water  immediately;  slower  drying  can  cause  oxidation  of  the  non-plated  material.  The  strip  is  taken  up  on 
the  exit  reel  and  is  interwoven  with  a  protecting  paper  strip,  Some  manufacturers  will  plate  a  pure  copper  layer  over 
the  alloy  prior  to  spot  plating.  In  this  way,  the  material  being  plated  on  is  uniform  and  consistent. 

Materials  Used  in  Spot  Plating:  Gold,  silver  and  copper  have  all  been  used  in  spot  plating  but  silver  is  most 
commonly  used.  Silver  does  the  best  job  for  the  cost  and  reliability,  and  has  been  proven  many  times  over.  Gold 
works  well  and  is  commonly  used,  but  the  cost  has  become  prohibitive,  particularly  in  the  present  day  1C 
competitive  market. 

Copper  has  been  effectively  spot  plated  for  bonding  enhancement,  but  with  copper  oxidation  is  always  an  issue. 
Flandling  and  storage  of  leadframes  has  to  be  done  in  a  manner  to  insure  the  frames  don’t  oxidize  (14).  For  these 
reasons,  assembly  houses  prefer  to  use  silver  spot  plated  leadframes. 

Costs:  Part  of  the  reason  that  spot  plating  today  uses  silver  is  for  costs  purposes.  Silver  is  relatively  cheap  when 
compared  to  gold,  yet  reliability  testing  is  good  with  silver.  No  increased  constraints  on  storage  are  needed  with 
silver  and  therefore  cost  is  the  main  difference.  At  1/100  the  price  of  gold,  silver  can  be  spot  plated  to  leadframes 
for  material  costs  of  less  than  $0.0 1  per  frame. 

Reliability:  Gold  wire  bonding  to  unplated  leads  can  result  in  low  bond  pulls  when  testing  the  wire  bond  pull 
strength.  The  level  of  bond  pull  degradation  largely  depends  on  the  history  of  the  leadframe  prior  to  bonding  and 
the  bonding  stage  temperature.  These  factors  affect  the  rate  of  oxidation  growth.  Copper  and  copper  alloys  readily 
oxidize  and  this  oxidation  can  form  a  scaly  surface  with  easily  breaks  free  and  lifts.  Precious  metal  plating  over  the 
alloys  prevent  oxidation  formation.  Bonding  to  this  surface  is  consistently  strong  and  reliable. 

The  plated  leadframe  must  be  inspected  for  defects.  Peeling,  blistering,  or  contaminated  plate  deposits  can  give 
poor  bonding  strength  and  field  failures.  Overly  rough  or  nodular  plating  can  give  poor  bonding  and  lead  to 
reliability  problems. 

2.6.3  External  Lead  Plating 

External  lead  plating  will  be  discussed  in  this  Sub-section.  This  plating  enhances  the  solderability  of  the  1C 
package  when  mounting  to  a  PWB  and  also  acts  as  an  environmental  barrier  protecting  the  leads.  Description  of 
processing  and  materials  will  be  followed  by  discussion  of  reliability  and  costs. 
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Process  Description;  Solder  is  applied  to  the  external  leads  of  the  leadframe  in  one  of  the  following  three  ways: 

•  Plating  of  the  leads  after  package  molding  (traditional) 

•  Molten  solder  dipping  of  the  package 

•  Pre-plating  of  the  leadframes  prior  to  assembly 

Traditionally  solder  plating  occurs  after  package  molding.  The  leadframe  strip,  with  external  leads  still  shorted 
,0  J,her  a  large  plating  balh.  Large  plating  racks  are  loaded  will,  strips  and  the  ra^  is  automat, ca  ly 

mfced  litroagh  the  solution.  The  plating  rate  is  set  so  that  when  the  rack  reaches  the  end  of  the  plating  tank,  the 

plating  is  completed.  Many  racks  are  plated  at  a  time. 

Some  older  processes  do  not  use  electroplating  but  dip  the  molded  and  singulated  ^hg 

The  parts  are  automatically  loaded  into  a  solder  resistant  basket  which  carries  the  packages  through  the  solder.  The 

solder  only  adheres  to  the  external  leads. 

A  new  nre  nlated  frame  process  is  being  used  by  many  companies,  where  the  leadframes  are  reel  to  reel  plated 
prior  to  asLmblf  pSing  Sf  solder  on  leadframes  is  carried  out  in  a  reel  to  reel  plating  station  It  is  done  in  a 
manner  similar  to  preciouf  metal  spot  plating  except  the  mask  is  reversed.  The  internal  leads  should  remain  so  d 
free  and  the  external  leads  get  plated.  The  mask  encloses  the  internal  leads  and  has  openings  for  the  externa 

Materials  Used  in  External  Lead  Plating  The  protective  coatings  applied  to  the  external  leads  are  generally  a 
solder  material  that  helps  in  achieving  good  solderability.  The  material  used  in  strip  plating  and  pre-platmg  frames 
“„suarSpb?llo7wi;K  85%  Sn  Ld  15%  Pb  nominal  composilion.  Solder  dipping  uses  .  eu.ccc  compos, non 

SnPb  alloy  with  63%  Sn  and  37%  Pb. 

Reliability  in  External  Lead  Plating;  Many  reliability  issues  arise  with  solder  finishing  of  the  external  leads. 
The  main  concerns  are  by  process: 


o  Strip  Plate 

-  Exposed  alloy  due  to  handling  scratches 

-  Solder  whiskering 

-  Solder  peeling 

o  Molten  Solder  Dip 

-  Delamination  of  mold  compound  from  leadframe 

-  Solder  peeling 

-  Solder  bridging 

-  Solder  voids 


«  Pre-Plated  Leadframes 

-  Solder  cracking 

-  Solder  peeling 

-  Solder  whiskering 


Due  to  the  excessive  handling  in  strip  plating,  the  solder  can  often  be  dislodged  and  result  in  shorting  and  alloy 
corrosbb  The  pSd  solder  can 'somelir form  whiskers  which,  in  severe  cases,  can  also  cause  shorting. 

The  temoerature  excursions  seen  in  solder  dipping  can  cause  delamination  of  mold  compound  to  the  leadframe 
Thil  is  caStv  CTE  and  can  allow  moisture  to  enter  the  package  which  may  start  corrosion.  The 

loldel  on  l  leads  can  also  peel  and  shoit.  or  improper  wetting  may  lead  to  voids  in  the  coating  or  bridge  across 

leads. 


Pre-plated  leadframes  are  particularly  susceptible  to  solder  cracking, 
leadframe  is  unformed,  the  trim  and  form  operations  place  a  great  strain  on 
also  be  susceptible  to  the  peeling  and  whiskering  of  the  strip  plating  process. 


Since  the  solder  goes  on  while  the 
the  solder  coating.  These  frames  will 
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Cost  Comparison:  The  most  economic  process  is  to  use  the  pre-plated  leadframes.  This  simplifies  the  assembly 
a  great  deal,  plus  reduces  assembly  time.  Payback  is  seen  in  process  reduction  as  well  as  cycle  time  improvement. 
Not  all  leadframes  lend  themselves  to  pre-plating  and  many  qualified  assembly  processes  cannot  use  pre-plated 
leadframes.  While  the  cost  of  molten  solder  dipping  is  comparable  to  strip  plating,  the  temperature  excursion  is 
great  and  can  damage  some  devices. 

2.6.4  Lead  Plating  and  Reliability  Issues 

Lead  plating  is  largely  done  to  improve  reliability.  The  processes  involved  can  often  induce  reliability  problems 
of  their  own.  This  Sub-section  will  present  a  discussion  of  each  method  of  lead  plating  and  the  reliability  issues 
associated  with  each. 

Plating  of  Internal  Leads:  Precious  metal  plating  over  alloys  prevents  oxidation  formation.  Bonding  to  this 
surface  is  consistently  strong  and  reliable.  Defects  in  the  plating  can  lead  to  reliability  problems.  Some  plating 
defects  are: 

•  Blistering 

•  Peeling 

•  Contaminated 

•  Incorrect  metal  thickness 

•  Rough  or  nodular  deposit 

These  defects  can  lead  to  failures  which  include  die  delamination,  wire  bond  lifting,  and  lead  tip  oxidation. 
Inspection  of  the  finished  leadframe  can  keep  these  defects  out  of  the  IC  package. 

External  Lead  Plating  -  Solder:  The  external  lead  plating  of  IC  leadframes  tend  to  be  more  of  a  reliability 
problem  than  is  the  internal  lead  plating.  The  exposure  to  the  environment  increases  the  likelihood  of  the  plated 
solder  getting  scraped  off.  The  severe  bending  of  the  leads  after  plating  causes  large  strain  in  the  solder  deposit 
which  can  lead  to  cracking  of  the  solder.  Also  solder  is  susceptible  to  whiskering  where  metallic  whiskers  extend 
from  the  deposit.  The  following  failures  summarized  in  Table  2-13  are  associated  w  ith  solder  finishing  of  the 
external  leads: 


Table  2-13:  Solder  deposition  and  failure  modes 


Process 

Defect 

Failure  Mode 

Strip  Plate 

Handling  scratches 

Corrosion 

Solder  whiskering 

Lead  shorting 

Solder  peeling 

Lead  shorting 

Molten  Solder  Dip 

Delamination  (EMC/leadframe) 

Wire  breakage  and  package 
cracking 

Solder  peeling 

Corrosion/shorting 

Solder  bridging 

Lead  shorts 

Solder  voids 

Corrosion 

Pre-Plated  Leadframes 

Solder  cracking 

Corrosion/shorting  I 

Solder  peeling 

Corrosion/shorting  1 

Solder  whiskering 

Lead  shorting  I 

The  defects  where  the  underlying  alloy  is  exposed,  e.g.,  peeling,  scratches,  cracking  and  voids  in  the  solder 
finish,  become  susceptible  to  corrosion.  Defects  where  solder  can  lift  and  cause  flakes,  which  can  then  redeposit, 
increase  the  chances  of  lead  shorting. 

2.7  Leadframe  Manufacturers 

2.7.1  Domestic  Manufacturers 

When  trying  to  separate  between  domestic  and  foreign  leadframe  manufacturers,  one  should  note  that  a  clear 
distinction  cannot  be  easily  made.  Like  many  other  industries,  many  so  called  '‘domestic”  corporations  use  overseas 
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or  foreign-based  subsidiaries  to  perform  some  or  all  the  manufacturing  processes.  In  this  report,  we  will  treat 
domestic  suppliers  as  those  companies  that  are  headquartered  within  the  United  States.  Table  2-14  lists  domestic 
leadframe  suppliers. 


Table  2-14:  Domestic  leadframe  suppliers 


Company 

Manufacturing  Type 

Location  1 

DynaCraft 

Stamped,  etched 

Santa  Clara,  CA  I 

j  Leading  Technologies 

Stamped,  etched 

Leechburg,  PA  j 

Texas  Instruments 

Stamped,  etched 

Attleboro,  TX  I 

Contact  International 

Etched 

Santa  Clara,  CA  | 

2.7.2  Foreign  Manufacturers 

Table  2-15  lists  foreign  or  overseas  leadframe  suppliers. 


Table  2-15:  Foreign  leadframe  suppliers 


Company 

Manufacturing  Type 

Location  | 

Ouality  Platers  (QPL) 

Etched 

Hong  Kong  i 

Sumitomo 

Etched 

Japan  j 

Toppan 

Etched 

Japan 

Gotoh 

Stamped 

Japan 

Shinko 

Stamped 

Japan 

Dai  Nippon 

Etched 

Japan 

3.0  DIE  ATTACH 


3.1  Die  Attach  Materials 

In  this  Sub-section,  die  attach  materials  will  be  discussed,  with  emphasis  on  those  used  in  plastic  packages.  A 
critical  part  of  the  manufacture  and  reliability  of  a  plastic-encapsulated  1C  is  the  attachment  of  the  device  (die)  to  the 
leadframe.  In  most  cases,  a  die  attach  material  (D/A)  is  applied  to  either  the  die  or  the  die  attach  pad  (DAP)  to  help 
glue  the  die  to  the  DAP.  The  die  attach  material  helps  to  hold  the  die  in  place  for  subsequent  wire  bonding  and  end- 
of-line  processing.  It  also  provides  a  critical  interface  between  the  die  and  the  leadframe,  across  which  both  thennal 
and  electrical  energy  can  be  transferred.  Depending  upon  the  application,  the  D/A  needs  to  possess  certain 
properties  to  help  perform  its  functions  within  the  plastic-encapsulated  device.  Additionally,  the  type  of  processing 
necessary  to  deposit  such  material  is  important  in  determining  its  reliability  and  applicability  in  certain  situations. 

In  choosing  a  die  attach  material,  consideration  must  be  given  to  the  application  and  environment  in  which  the 
package  will  be  used.  For  example,  if  the  die  is  to  be  enclosed  in  a  ceramic  package  with  sealed  lid,  the  die  attach 
material  should  be  able  to  withstand  the  higher  temperatures,  i.e.  350  -  450®C,  associated  with  the  lid  sealing 
operation  in  hermetic  packaging.  In  such  a  case,  hard  solders  would  be  used  because  of  their  high  temperature 
stability.  The  following  is  a  list  of  possible  considerations  for  choosing  die  attach  material: 

«  electrical  conductivity, 

®  thermal  conductivity, 

®  cure  temperature, 

®  ionic  impurities  content, 

®  reworkability, 

«  viscosity, 

»  long  teiTn  aging. 
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Electrical  Ccnductivity:  In  some  cases,  due  to  device  electrical  reliability  or  functionality,  it  is  desirable  to 
have  electrical  conduction  through  the  backside  of  the  die  to  the  DAP.  This  helps  to  decrease  the  inductance  of 
packages,  which  is  dependent  on  lead  length  to  the  ground  plane.  Some  discrete  devices  utilize  the  backside  as  a 
primary  connection  for  one  of  the  device  terminals,  thereby  making  it  absolutely  necessary  to  have  conduction 
through  the  backside.  Electrical  conductivity  is  a  problem  with  organic  and  glass  adhesives  because  of  their 
inherent  non-conductivity,  but  can  be  achieved  by  using  conductive  metal  filler  in  the  material. 

Thermal  Conductivity:  Since  one  of  the  primary  paths  of  heat  conduction  in  ICs  is  through  the  backside  of  the 
die  to  the  leadframe  in  a  plastic  package,  it  is  important  that  the  die  attach  material  possesses  the  appropriate  thermal 
conductivity.  This  factor  is  interrelated  with  electrical  conductivity.  Thermally  conductive  fillers  can  be  either 
metal  or  inorganic,  depending  on  the  requirement  for  electrical  conductivity  as  well. 

Cure  Temperature:  The  cure,  or  alloying,  temperature  determines  the  maximum  temperature  that  the  device 
can  be  subjected  to  after  the  die  attach  process.  However,  in  the  case  of  organic  materials,  the  breakdown 
temperature  is  often  higher  than  the  cure  temperature.  The  curing  schedule  will  also  determine  the  material 
properties  after  cure  (15).  This  is  a  concern  that  is  especially  critical  in  organic  and  glass  adhesives.  Corrosion  is 
always  a  concern  with  respect  to  ICs.  Ionic  impurities  that  are  extractable  by  water  contribute  to  rapid  corrosion  of 
aluminum,  which  is  the  primary  metal  used  in  devices.  Thus,  reducing  the  amount  of  ionics  present  in  the  package 
will  greatly  reduce  the  risk  of  corrosion.  A  common  measurement  method  is  using  water  extract  conductivity 
measurements,  such  as  an  ion  chromatograph  (16).  With  the  advent  of  multi-chip  packaging,  a  reworkable  die 
attach  material  has  become  a  very  desirable  commodity.  Reworkability  will  reduce  scrap  costs  related  to  substrates 
and  die.  Viscosity  is  a  processing  concern  with  organic  adhesives  that  would  be  automatically  dispensed,  such  as 
from  a  syringe.  A  relatively  low  viscosity  is  desirable  to  help  avoid  void  formation  during  the  dispensing  process. 
These  voids  can  become  sources  of  delamination,  debonding,  and  package  cracking. 

3.2  Cost  and  Availability 

Supplier  issues  facing  die  attach  materials  are  less  critical  than  with  molding  compounds  since  there  are  several 
domestic  manufacturers  providing  a  number  of  products  in  the  world  market. 

Table  3-1 :  Reliability  issues  related  to  die  attach  materials 


[  Reliability  Issue  1  Related  D/A  Material  Issue  | 

1  Delamination/Package  Cracking/Moisture 
Penetration 

CTE 

Hardness 

Fracture  toughness 

Oxidation/degradation  of  D/A 

Voiding 

Resin  bleed 

Stress/Die  Cracking 

CTE 

Hardness 

Compliance 

Die  shear  strength 

Fatigue 

Corrosion 

Outgassing  I 

Ionic  content  i 

Thermal  Management 

Thermal  conductivity  | 

Voiding  I 

3.3  Reliability 

The  die  attach  material  can  affect  the  reliability  of  plastic-encapsulated  devices.  Table  3-1  lists  some  of  the 
reliability  issues  that  are  affected  by  die  attach  material  properties.  Many  of  these  issues  are  related  to  the  effects  of 
thermal  processing  during  and  after  assembly.  For  example,  die  cracking  typically  arises  due  to  thermal  expansion 
stresses  resulting  from  the  mismatch  in  coefficient  of  thermal  expansion  (CTE)  between  the  Si  and  the  D/A  or 
leadframe  during  temperature  cycling. 

3.4  Brief  Description  of  Some  Failure  Issues 
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Delamination/Package  Cracking:  Delamination  is  the  physical  separation  of  two  adjoining  layers.  It  can  be 
considered  as  an  internal  crack  within  the  package.  It  can  occur  in  a  number  of  areas  in  the  package,  including  the 
DAP/EMC  interface,  DAP/die  attach/Si  interface,  and  the  EMC/Si  interface.  Delamination  can  occur  due  to  either 
the  effect  of  CTE  mismatch  between  materials  during  thermal  cycling,  or  the  collection  and  subsequent  vaporization 
of  moisture  at  an  interface.  In  the  latter  case,  package  cracking  is  almost  inevitable.  This  type  of  delamination 
commonly  occurs  during  the  surface  mounting  of  components  to  printed  circuit  boards  (PCB),  where  the 
components  are  rapidly  heated.  In  both  cases,  adhesion  is  the  key  to  solving  these  problems. 

Corrosion:  In  both  hermetic  and  non-hermetic  packaging,  corrosion  of  the  outer  leads  and  internal  areas  is  a 
major  concern.  It  plays  a  major  role  in  the  reliability  of  the  electronic  device.  The  most  prevalent  areas  for 
corrosion  are  the  outer  leads,  bond  wires,  device  metallization  (including  bond  pads),  and  inner  leads.  The  exposure 
of  these  areas  to  both  moisture  and  dissolved  ionics  is  needed  to  cause  corrosion  problems.  With  respect  to  D/A, 
especially  organic  materials,  outgassing  during  curing  can  deposit  volatile  species  on  the  device.  These  species  may 
contain  ionics  and  other  constituents,  which  can  induce  or  exacerbate  conditions  for  corrosion.  Thus,  the  need  for 
very  low  ionics  content,  and  low  solvent  and  volatiles  levels  in  the  polymers.  In  plastic  packaging,  the  problem 
becomes  much  more  complex  because  of  the  porosity  ot  the  EMC  and  the  higher  probability  of  impurities  in  the 
EMC.  Many  solutions  can  be  implemented  to  correct  or  alleviate  the  corrosion  problem.  For  example,  special 
coatings  deposited  on  assembled  parts  can  help  to  provide  some  protection  to  the  device  and  bond  wires. 
Delamination  and  package  cracking  contribute  to  corrosion  by  allowing  a  faster  path  for  ion-laden  moisture  to 
penetrate. 

Thermal  Management:  Heat  dissipation  can  be  a  critical  issue,  especially  with  power  devices.  Above  a  given 
operating  temperature,  a  device  will  not  run  optimally  and  eventually  breakdown  prematurely,  caused  by 
uncontrolled  migration  of  the  dopants  within  the  device.  In  addition,  the  bond  from  the  pads  to  the  bond  wires  will 
become  weak,  and  lost  due  to  intermetallic  growth  at  elevated  temperatures.  This  phenomenon  is  accelerated  in 
plastic  packages  because  of  the  presence  of  bromine  (Br)  and  antimony  (Sb)  as  flame  retardants  in  the  molding 
compound. 


3.5  Requirements  and  Specifications 

This  Sub-section  will  cover  some  of  the  testing  and  requirements  currently  specified  in  industry.  Mil-Std-883D, 
method  501 1.2,  addresses  the  supplier  requirements  related  to  organic  die  attach  adhesives  for  use  in  military  parts 
(17).  It  outlines  the  relevant  inspection  and  acceptance  criteria  for  organic  or  polymeric  adhesives  used  on 
microelectronic  devices.  The  following  list  outlines  the  properties  to  be  tested,  both  for  cured  and  uncured 
adhesives,  as  outlined  by  MiI-Std-883D,  method  501 1 .2. 


Uncured  adhesive  properties:  while  for 

®  Materials 
«  Viscosity 
«  Pot  Life 
«  Shelf  Life 
«  Infrared  Spectrum 


Cured  adhesive  properties: 

Adhesive  Cure 
Thermal  Stability 
«  Filler  Content 
«  Outgassed  Materials 
®  Ionic  impurities 
<>  CTE 

*  Thermal  Conductivity 
®  Volume  Resistivity 
»  Dielectric  Constant 
®  Dissipation  Factor 
«  Sequential  Test  Environment. 


3.6  Materials  and  Properties 

There  are  four  categories  of  die  attach  material  used  in  microelectronics  packaging.  They  are: 

“  Hard  solders  (Gold-Silicon  eutectic,  Gold-Tin,  Gold-Germanium) 

®  Soft  solders  (Combinations  of  Lead,  Tin,  Silver,  Indium  and/or  Antimony) 
o  Glass  (Silver  glass) 

*  Organic  adhesives  (polyimide,  epoxy,  thermoplastics) 
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In  general,  hard  solders  and  glasses  are  primarily  used  in  hermetic  packages,  soft  solders  are  found  in  both  hermetic 
and  plastic  packages,  and  organic  adhesives  are  primarily  used  in  plastic  encapsulated  packages.  Each  has  its 
advantages  and  disadvantages,  listed  in  Table  3-2. 

Table  3-2:  Adhesive  materials  (18) 


Die  Attach  Material 

Advantages 

Disadvantages 

Hard  Solders 

No  thermal  fatigue;  High  strength 

No  stress  relief;  High  cost 

Soft  Solders 

Stress  relief;  Low  cost 

Thermal  fatigue;  Creep 
movement;  Low  strength 

Glass 

Good  thermal  stability;  Low  cost 

High  processing  temperature; 
Poor  thermal  conductivity;  No 
stress  relief 

1  Organic 

1 

Low  processing  temperature 

Fair  thermal  stability;  Low 
thermal  conductivity 

3.6.1  Hard  Solders 


Table  3-3:  Properties  of  hard  solders 


Property 

Au-Si  eutectic 

Au-Ge 

Au-Sn  1 

Composition  (wt%) 

96.5Au-3.5Si 

78Au-  12Ge 

80Au  -  20Sn 

Eutectic  temperature  (°C) 

363 

356 

280 

Bonding  temperature  CC) 

425 

N/A 

350 

CTE  (10'‘’ppm/°C) 

12.3 

13.3 

15.9 

Thermal  conductivity  (W/m''C) 

27.2 

44.4 

57.3 

Gold-Silicon  (Au-Si)  eutectic,  Gold-Tin  (Au-Sn),  and  Gold-Germanium  (Au-Ge)  are  typically  used  in  hermetic 
packaging  where  lid  sealing  temperatures  are  high  (>400°C),  and  good  reliability  at  high  temperatures  are  necessary 
(19).  They  possess  very  high  tensile  strength,  good  for  fatigue  and  creep  resistance,  but  minimal  ductility,  making 
devices  attached  with  hard  solder  susceptible  to  high  stresses  and  die  cracking  (20).  Usually,  packages  using  hard 
solders  have  closely  matched  CTEs  between  the  Si,  D/A,  and  leadframe/substrate  to  avoid  high  stress  conditions, 
e.g.,  a  ceramic  dual  in-line  package  (CERDIP)  with  Alloy-42  leadframe,  Au-Si  eutectic  D/A,  and  Si  chip. 

The  hard  solders  used  in  industry,  eutectic  compositions  of  Au-Si,  involves  creating  a  molecular  bond  line 
between  the  device  chip  (Si)  and  the  substrate  (Cu  or  Alloy-42  or  others).  This  is  accomplished  by  combining  die 
back  metallization  with  a  preform,  either  of  some  Au-Si  composition,  or  of  pure  Au,  Au  is  usually  plated  on  the 
substrate.  Upon  application  of  heat  energy  and  pressure,  the  Au  and  Si  interdiffuse  to  form  an  alloy  of  eutectic 
composition  (Au-3.5  wt%  Si).  In  this  process,  it  is  very  important  to  avoid  oxidation  or  adsorption  of  oxygen  on  the 
surface  of  the  Si.  This  tends  to  interfere  with  good  bonding.  The  bonding  process  is  often  performed  under  a 
nitrogen  gas  blanket  to  avoid  any  oxidation.  Table  3-3  contains  some  pertinent  information  regarding  hard  solders 
used  for  die  attach. 

3,6.2  Soft  Solders 

Combinations  of  Lead  (Pb),  Tin  (Sn),  Silver  (Ag),  and/or  Antimony  (Sb)  are  used  in  both  hermetic  and  plastic 
packaging.  Their  advantage  is  in  the  excellent  thermal  conductivity  and  mechanical  properties.  Often,  they  are 
processed  in  a  similar  fashion  as  the  hard  eutectic  solders.  Soft  solders,  such  as  95Pb-5Sn,  exhibit  better  thermal 
conductivity  than  organic  die  attach  adhesives  while  providing  for  better  compliance  to  stresses  than  the  Au-eutectic 
hard  solders.  An  additional  advantage  over  Au-eutectic  formulations  is  the  lower  processing  temperature  involved 
with  soft  solders,  which  ranges  from  200  to  300°C.  Soft  solders  are  available  in  paste  form  and  as  preforms. 

One  of  the  drawbacks  for  using  soft  solder  is  its  susceptibility  to  thermal  fatigue  at  the  bond  line.  Flux  can  be 
used  to  obtain  good  wetting  of  the  die  and  pad,  but  the  bond  is  then  susceptible  to  voiding.  Voiding  can  lead  to  “hot 
spots”  within  the  die  attach  material  when  dissipating  high  power,  which  can  degrade  the  performance  of  the  solder 
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and,  ultimately,  the  device.  This  can  be  avoided  by  performing  the  bonding  under  a  nitrogen  gas  blanket  after 
cleaning,  which  achieves  the  same  result  as  flux,  keeping  the  surfaces  free  from  native  oxide  layers  which  can 
degrade  the  wetting  of  the  solder  to  the  surfaces. 

Processing  of  soft  solder  die  attach  typically  involves  both  a  die  backside  and  leadframe  metallization  layer  for 
better  adhesion.  Both  Ag  and  Cu  are  excellent  for  adhering  to  solder.  These  are  typical  metallizations  found  on  the 
die  attach  pad  and  lead  tips  of  leadframes  for  plastic  packaging.  The  die  back  is  typically  metallized  with  a 
combination  of  Ti,  Ni,  and  Ag  to  form  an  excellent  intermediary  for  good  bonding  between  the  solder  and  Si. 
Typically,  95Pb-5Sn  and  65Sn-25Ag-10Sb  (J-alloy)  solders  can  be  used  with  the  above  described  process. 

As  mentioned  above,  the  soft  solders  are  used  in  both  hermetic  and  plastic  packages,  primarily  in  high  power 
applications.  Examples  of  hermetic  packages  used  for  high  power  are  metal  cans.  Examples  of  plastic  packages 
used  for  high  power  are  SIP  and  TO  packages.  The  high  power  applications  are  typically  low  lead  count  (3-23 
leads).  In  these  applications,  a  critical  package  parameter  is  the  thermal  resistance  between  junction  and  case, 
known  as  the  which  is  given  in  °C/W.  For  high  power  applications,  this  parameter  should  be  as  low  as  possible. 
The  die  attach  material  used  contributes  greatly  to  this  parameter.  Soft  solder  die  attach  possesses  excellent  thermal 
conductivity,  which  reduces  0,^  significantly  over  other  die  attach  types  (21). 

3.6.3  Silver-Glass  Adhesives 

Silver-glass  materials  used  as  die  attach  adhesive  are  a  low  cost  alternative  to  Au-eutectic  hard  solders.  Silver- 
glass  material  is  essentially  an  inorganic  adhesive  that  results  from  the  firing  of  an  organic-inorganic  combination  of 
materials  at  a  high  temperature  (>400X),  although  there  have  been  lower  temperature  versions  developed  recently. 
The  firing  step  drives  off  the  organic  component  to  leave  an  essentially  void-tree  bond.  They  are  used  primarily  in 
hermetic  and  power  packages,  in  general,  these  adhesives  exhibit  better  mechanical  properties  than  hard  solders. 
They  are  more  compliant  because  of  the  lower  elastic  modulus  as  compared  to  hard  solders.  Due  to  the  lack  of 
voids,  they  resist  cracking  of  the  die  bond  interface  better  than  Au-eutectics  and  other  die  attach  materials. 


Table  3-4:  Properties  of  silver  glass 


Propertv 

Ag-glass 

Viscosity  (cps) 

45,000 

^  Bonding  temperature  (°C) 

410 

ICTE  (lO'^pornm 

15 

Thermal  conductivity  (W/m®C) 

32.4 

The  material  properties,  as  shown  in  Table  3-4,  are  heavily  dependent  upon  the  solids  and  silver  Hake  contents 
present  in  the  silver-glass  die  attach  material.  The  silver  flakes  provide  the  electrical  and  thermal  conductivity 
necessary  for  good  die  attachment.  Flakes  are  used  because  of  their  large  surface  area,  which  help  in  providing 
maximum  conductivity.  Both  the  silver  and  its  oxide  exhibit  exceptional  conductivity,  which  makes  it  a  more 
logical  choice  than  copper  or  aluminum  for  use  in  this  application,  where  oxidation  is  highly  probable.  The  particle 
size  distribution  and  shape  of  the  silver  flake  is  very  important  in  the  rheology  and  adhesion  of  the  adhesive.  The 
silver  content  of  these  adhesives  is  approximately  80%  after  die  attachment.  Solids  content  in  the  pre-fired  Ag-glass 
material  usually  ranges  between  85  -  90%.  Electrical  conductivity  is  critical  in  many  cases  where  Ag-glass  die 

attach  is  used. 

3.6.4  Organic  Adhesives 

Organic  adhesives,  such  as  epoxies  and  polyimides,  have  been  used  for  die  attachment  in  both  hermetic  and 
plastic  packaging.  They  possess  significant  cost  and  processing  advantages  over  the  aforementioned  materials, 
mostly  due  tcTthe  elimination  of  expensive  metallurgy.  Although  organic  adhesives  are  primarily  used  in  plastic 
packagin<^  there  has  been  some  usage  in  the  high  reliability,  military-qualified,  hermetic  packages.  T^^^se 
requirements  will  be  discussed  later.  The  use  of  organic  adhesives  for  die  attach  extends  back  to  the  1970’s,  where 
they  were  used  for  hermetic  devices  by  NASA.  Organic  adhesives,  whether  in  dispensable  or  film  form,  possess 
lower  elastic  moduli,  which  help  provide  a  better  stress  intermediary  between  the  Si  and  leadframe  material.  The 
following  types  will  be  discussed  here. 
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•  Polyimides 

•  Epoxies 

•  Reworkable  (themioplastics) 

•  Filins  (solid  or  tape  form) 

In  general,  organic  adhesives  require  lower  temperature  processing  than  either  hard  or  soft  solders,  and  Ag- 
glasses.  For  polyimides,  cure  temperatures  as  low  as  275°C  can  be  used.  For  epoxies,  even  lower  cure 
temperatures,  like  150°C,  are  used.  Processing  of  these  materials  for  die  attach  can  be  automated  relatively  easily 
for  increased  throughputs.  These  materials  are  available  in  either  solution,  paste  or  film  form.  Table  3-5  lists  some 
commercial  organic  die  attach  adhesives  and  their  relevant  properties. 


Table  3-5:  Commercially  available  organic  die  attach  adhesives 


Property 

Ablebond  84-1LIV1ISR4 

Hitachi  EN-4i  10  j 

Material  type 

Epoxy 

Polyimide 

Bonding  temperature  (°C) 

]50°C 

275°C 

Te  (°C) 

120 

240 

CTE  (10''’ppm/°C) 

41 

37 

Thermal  conductivity  (W/mX) 

2.5 

N/A 

The  typical  organic  adhesive  comprises  basically  of  the  organic  resin  as  the  matrix  material,  and  either  an 
electrically  conductive,  such  as  Ag  flake,  or  non-conductive  filler.  Solvents,  catalysts,  hardeners,  and  additives  for 
adhesion  and  for  low  stress  are  also  integral  parts  of  the  material  design,  in  addition  to  the  main  components. 

Polyimides:  These  materials  have  been  used  widely  in  industry  as  die  attach  adhesives.  Polyimides  were 
developed  as  high  thermal  resistance  and  reduced  impurity  alternatives  to  early  forms  of  epoxy  die  attach. 
Polyimides  are  similar  to  thermoplastic  polymers  in  that  they  can  be  reworked  or  remelted  and  cured  infinite^. 
They  provide  a  distinct  thermal  stress  advantage  over  eutectic  and  soft  solder  die  attach  materials  (22).  Polyimides 
are  cyclic-chain  polymers.  These  polymers  are  used  widely  for  many  industrial  applications  needing  high  therma 
stability,  such  as  wafer  die  coats  and  die  attachment.  Silver  flake  is  added,  similar  to  the  Ag-glass  adhesives,  to 
impart  electrical  conductivity  to  the  polyimide.  The  application  of  the  polyimide  is  usually  in  the  form  of  polyamic 
acid,  which,  upon  curing  at  temperatures  above  250°C,  imidize  to  form  polyimide  with  water  vapor  as  a  by-product. 
Once  cured,  the  polyimide  is  virtually  insoluble  in  most  common  solvents. 

One  of  the  primary  disadvantages  of  polyimide  die  attach  materials  is  the  requirement  of  long  and  high 
temperature  exposures  to  fully  cure  or  imidize  the  polyamic  acid  into  polyimide.  Temperatures  range  from  250  C  to 
425°C  for  anywhere  from  1  to  2  hours.  This  can  cause  problems  regarding  residual  thermal  stress  after  cooling  (2j)). 
The  resultant  stresses  can  lead  to  problems  such  as  die  cracking  or  delamination.  This  can  also  be  attributed  to  the 
high  elastic  modulus  of  the  resultant  cured  material.  As  with  any  laminated  or  layered  structure,  thermal  stresses  are 
proportional  to  the  change  in  temperature.  This  is  where  epoxies  hold  an  advantage  over  polyimides. 

Another  disadvantage  is  the  tendency  of  the  cured  polyimide  to  absorb  moisture.  The  absorbed  moisture  can 
lead  to  corrosion  and  delamination  in  large  dies.  Surface  mount  operations  usually  involve  high  heat  which  can 
cause  moisture  to  vaporize  in  the  polyimide  and  delaminate  the  die  bond.  Corrosion  of  the  backside  can  seriously 
inhibit  the  electrical  performance  of  the  device. 

Epoxies:  Epoxy  die  attach  adhesives  have  captured  most  of  the  die  attach  market  primarily  because  of  the 
versatility  they  provide  for  a  wide  range  of  applications.  Currently,  high  purity,  low  stress,  fast  cure,  and  reworkable 
epoxy  die  attach  adhesives  are  available.  Epoxy  adhesives  provide  a  low  temperature,  simple  process,  high 
reliability  alternative  to  the  other  materials  mentioned  above  in  plastic-encapsulated  devices.  Early  versions  ot 
epoxy  were  not  able  to  compete  with  polyimide  with  regard  to  cleanliness  and  freedom  from  ionic  impurities. 
However,  newer  epoxies  are  available  with  high  levels  of  purity,  down  to  10  ppm  or  less.  Epoxies  also  do  not 
require  high  temperatures  for  cure.  Typical  cure  profiles  reach  maximums  of  foO'^C  to  250‘^C  for  around  1  to  2 
hours  Recent  advances  in  epoxy  die  attach  adhesives  have  produced  fast  or  ‘‘snap”  cure  adhesives  that  only  require 
seconds  or  a  few  minutes  for  cure  instead  of  an  hour  (24).  As  with  the  polyimides,  epoxy  adhesives  typically 
contain  electrically  conductive  or  non-conductive  fillers,  depending  on  the  application.  Again,  the  most  common 
filler  is  silver  flake. 
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One  advantage  of  epoxy  adhesives  is  their  relatively  low  solvent/volatiles  content  as  compared  to  polyimide 
adhesives.  Typically,  epoxies  contain  between  5  and  10  percent  solvents/volatiles,  whereas  polyimides  contain 
between  18  and  30  percent.  These  numbers  can  be  calculated  through  weight  loss.  Since  voids  are  directly  related 
to  the  outgassing  or  trapping  of  outgassed  solvents  and  other  volatiles,  it  follows  that  epoxies  are  less  susceptible  to 
voiding  at  the  bond  line. 

Reworkable  (Thermoplastics):  Reworkable  die  attach  materials,  an  attractive  feature  for  the  multi-chip 
package  assembly,  are  primarily  thermoplastics,  although  most  of  the  other  materials  (polyimides,  Ag-glass, 
epoxies)  can  be  reworked,  to  some  extent.  With  thermoplastics,  the  die  can  be  removed,  with  heating  of  the 
material,  without  leaving  a  residue  on  the  device  backside,  ideally.  Thermoplastics  can  be  reworked  repeatedly, 
since  it  does  not  undergo  cross-linking.  These  materials  have  already  been  qualified  to  M1L-Std-883C  for  use  in 
hybrid  packages,  but  not  for  single  1C  packages  for  military  applications,  and  have  been  targeted  for  the  Ag-glass 
market.  Its  advantages  are  lower  cost,  longer  pot  life,  ease  of  processing,  shorter  processing  time,  and  no  die 
backside  metallization  requirement.  One  major  drawback  is  its  lack  of  historic  use,  and  reliability  concerns, 
especially  with  respect  to  military  uses. 

Films:  Film  die  attach  materials  are  primarily  used  for  chip-on-lead  (COL)  or  lead-on-chip  (LOC)  applications. 
The  COL/LOC  configuration  is  primarily  used  to  facilitate  the  insertion  of  large  DRAM  memoiy  devices  into  a 
relatively  small  package  (1 1).  Like  their  dispensable  counterparts,  organic  film  adhesives  can  be  made  either 
conductive  or  non-conductive.  They  are  available  in  either  thermoset  or  thermoplastic  configurations.  Thermoset 
configurations  include  epoxies  and  modified  polyimides.  Thermoplastic  configurations  include  aromatic  polyester, 
acrylic,  and  fully  imidized  polyimides.  Typically,  processing  involves  application  of  the  film  adhesive  in  tape  form 
combined  with  heat  and  pressure.  These  materials  currently  have  limited  use  in  industry  and  will  not  be  covered  in 
detail  here. 

3.7  Die  Attach  Materials  Processing 
3.7.1  Inorganic  Die  Attach  Processing 

Die  Backside  Preparation:  The  Si  wafer  niust  often  receive  a  backside  coating  to  insure  good  die  bonding, 
especially  in  the  case  of  inorganic  attach  materials.  This  is  due  to  the  bonding  mechanism  being  a  metallurgical 
bond  between  the  surfaces,  through  interdiffusion.  For  adhesion  by  organic  (polyimides,  epoxies,  thermoplastics) 
no  special  preparation  on  the  die  backside  is  required  to  insure  good  bonding. 

Hard  Solders:  For  Au-eutectic  bonding,  the  state  of  the  die  backside  is  ver\'  important.  Si,  though,  easily 
forms  a  thick  oxide  (SiO,)  layer,  up  to  5  nm  thick.  To  achieve  the  eutectic  bond,  a  scrubbing  action  must  be 
performed  during  bonding  to  break  open  the  oxide  and  allow  the  silicon  to  bond  with  the  gold.  Often,  to  insure  no 
oxide  will  interfere  with  the  bonding  process,  the  Si  wafer  will  have  its  backside  coated  with  100  to  150  nm  of  Au. 

Soft  Solders:  Si  or  SiO,  is  not  amenable  to  wetting  by  soft  solders,  but  Ag  or  Cu  is.  Typically,  Ag  is 
coated  on  the  backside,  along  a  Ni  (diffusion  barrier)  and  Ti  (for  bonding  between  the  Si  and  Ni)  underlayers. 

Silver  Glass:  Here,  the  case  is  reversed  of  that  for  hard  solders.  Ag-glass  bonds  very  well  to  SiO^  or 
alumina,  but  not  to  Au.  However,  some  Au  is  necessary  to  lower  the  volume  resistivity,  so  the  thickness  of  the  Au 
backside  coating  must  be  carefully  determined.  However,  the  Au  thickness  cannot  be  so  thin  that  the  Au-Si  eutectic 
is  created  preferentially  over  the  Ag-glass-Si  bond,  because  the  Au-Si  eutectic  layer  will  prevent  good  adhesion  with 
the  glass  (25). 

Preforms:  To  aid  ease  of  use  in  assembly,  preforms  are  often  used  with  hard  and  soft  solder  processes. 

Hard  Solders:  For  Au-eutectic  bonding,  a  Au-2%Si  alloy  is  used,  to  insure  good  wettability  and  bond 
strength.  At  higher  levels  of  Si,  closer  to  the  actual  eutectic,  the  bond  is  degraded  because  of  the  high  volume 
content  of  Si  (close  to  20%),  which  reduces  wetting,  and  large  amounts  of  SiO.  produced  during  processing. 

Soft  Solders:  In  the  case  of  soft  solders,  preforms  are  of  the  same  composition  as  the  paste  form.  Preforms 
are  used  when  flux  is  not  desired.  The  preforms  can  either  be  conventionally  cast  or  rapidly  solidified.  The  latter 
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has  the  advantage  of  an  uniform  microstructure,  which  improves  wettability,  reduces  impurity  levels,  and  retardation 
of  fatigue  cracking  due  to  very  fine  grain  structure. 

3.7.2  Organic  Adhesive  Die  Attach  Processing 

In  full-scale  production  of  plastic  packages,  the  adhesive  application  and  attachment  of  the  die  onto  the  lead 
frame  are  all  done  on  an  automated  die  bonder.  The  frames  are  then  loaded  into  magazines,  which  are  then 
transported  to  an  oven  for  curing.  For  the  newly  developed  snap-cure  epoxies,  the  frames  can  travel  directly  into  a 
connected  in-line  cure  oven.  Some  equipment  manufacturers  (e.g.,  K&S,  ESEC)  sell  automated  assembly  modules, 
which  allow  the  die-attached  frames  to  go  directly  to  wire  bonders  (26). 

Dispensing:  For  automated  die  bonders,  the  adhesive  is  dispensed  either  through  a  needle  or  stamped  using  a 
star-pattern  nozzle.  With  automatic  dispensing,  the  adhesive  must  have  the  proper  rheology  for  problem-free,  high¬ 
speed  dispensing.  It  should  flow  smoothly  out  during  application,  and  must  not  exhibit  “tailing”  or  “stringing”  (a 
thread  of  material  still  connected  from  the  dispensed  portion  to  the  needle  or  nozzle  head)  (27).  If  the  viscosity  is 
too  low,  then  dripping  will  be  observed.  Neither  is  desirable  for  a  manufacturing  process.  Equipment  adjustment  is 
required  to  insure  the  right  thickness  and  fillet.  The  fillet  provides  most  of  the  bond  strength,  but  cannot  be  allowed 
on  the  die  surface,  due  to  shorting  or  Ag  migration.  Also,  the  material  should  have  a  long  working  life,  to  minimize 
the  batch  changes,  which  would  slow  the  throughput  of  a  production  line. 

Curing:  The  cured  material  properties  of  organic  adhesives  is  very  much  dependent  on  the  time-temperature 
curing  schedule.  Often,  even  if  a  material  is  fully  cured,  but  at  lower  temperature,  it  will  not  have  the  best  properties 
possible,  had  it  been  cured  at  its  higher  optimal  temperature.  The  adhesives  should  have  minimal  voiding  during 
cure,  to  insure  good  bond  strength.  These  organic  adhesives  should  also  exhibit  low  outgassing  to  minimize  the 
release  of  solvents,  water,  and  other  by-products  through  cure.  The  by-products  will  then  redeposit  less  often  on  the 
die  surface,  lead  frame,  DAP,  and  oven  interior.  When  redeposited  on  the  pads,  wire  bonding  can  be  affected 
causing  weaker  bond  strengths.  Naturally,  there  are  reliability  concerns  with  outgassing  such  as  with  corrosion  and 
adhesion.  The  latter  could  affect  the  thermal  cycling  (stress)  behavior,  by  reducing  adhesion  with  the  die  surface 
and  molding  compound,  which  during  cycling  could  smear,  and  potentially  crack,  the  top  metallization  and 
passivation  (28). 


Table  3-6:  Domestic  die  attach  material  manufacturers 


Company 

Material  Type 

Location 

Ablestik 

Polyimide,  Epoxies,  Film,  Silver- 
Glass,  Re  workable 

Rancho  Dominguez,  CA 

AI  Technology,  Inc. 

Reworkable 

Princeton,  NJ 

Alpha  Metals  (Staystik) 

Reworkabie,  Silver-Glass 

Jersey  City,  NJ 

Dexter  Electronic 

Epoxies 

Glean,  NY 

Epoxy  Technology 

Polyimides,  Epoxies 

Billerica,  MA 

Emerson  &  Cuming 

Silver-Glass 

Lexington,  MA 

Indium  Corp. 

Hard  and  Soft  Solders 

Utica,  NY 

Olin  Hunt 

Epoxies 

Ontario,  CA 

Quantum  Materials,  Inc.  (QMI) 

Silver-Glass 

San  Diego,  CA 

Williams  Precious  Metals 

Hard  and  Soft  Solders 

Buffalo,  NY 

3.8  Die  Attach  Manufacturers 

3.8.1  Domestic  Manufacturers 

Several  manufactures,  both  domestic  and  foreign,  produce  adhesives  for  IC  attachment.  The  range  of  products 
they  offer  are  varied,  encompassing  a  number  of  applications  from  hermetics  to  hybrids  to  multi-chip  packages. 
Once  again,  “domestic”  refers  to  corporations  with  headquarters  located  in  the  United  States.  Table  3-6  lists 
domestic  die  attach  material  suppliers. 

3.8.2  Foreign  Manufacturers 
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Table  3-7  lists  foreign  or  overseas  manufacturers  of  die  attach  adhesives. 


Table  3-7:  Foreign  die  attach  material  manufacturers 


Company 

Material  Type 

Location 

Hitachi  Chemical  Co. 

Polyimide,  Epoxies 

Japan 

Johnson  Matthey 

Hard  Solders,  Ag-glass 

Great  Britain 

Sumitomo  Plastics 

Epoxies 

Japan 

4.0  WIRE  BONDING 


4.1  Introduction 

electrical  interconnect  between  the  silicon  die  and  the  leadframe  is  perhaps  the  most  important  part  of 
the  device.  Without  a  reliable  interconnect,  continuity  and  signal  integrity  could  be  degraded  or  even  lost.  The  wire 
bond  is  the  most  common  interconnect  method,  as  opposed  to  tape  automated  bonding,  because  of  its  cost  benefit 
and  its  versatility.  Since  the  very  first  ‘‘flying  wire”  interconnect  was  envisioned  in  the  first  integrated  circuit  patent, 
the  wire  bond  has  amassed  an  enormous  reputation  as  the  most  reliable  interconnect  process. 


4.1.1  Wire  bond  Structure 

The  wire  bond  consists  of  three  basic  parts,  depending  on  the  type  of  bonding  process:  first  bond  (ball  or 
wedge),  the  loop,  second  bond  (crescent  or  wedge). 

4.1.2  Wire  bond  Materials 

Wire  bond  reliability,  from  both  an  electrical  and  environmental  standpoint,  is  dependent  on  appropriate 
materials  selection  and  manuf^acture.  Depending  on  the  type  of  package  and  the  target  application,  a  number  of 
material  properties  may  be  important,  such  as  conductivity,  stiffhess/workability,  hardness,  high  temperature  tensile 
strength,  and  corrosion  resistance.  In  a  hermetic  package,  the  corrosion  resistance  of  a  wire  material  is  not  as 
important  as  the  stiffness  of  the  wire,  thus  resulting  in  the  use  of  aluminum  wire  instead  of  gold.  The  manufacturing 
process  chosen  is  often  a  result  of  the  type  of  material  to  be  used.  For  example,  a  high  speed  ball  bonding  process  is 
more  likely  to  be  used  for  a  gold  wire  process  than  an  aluminum  wire  process. 

Additionally,  because  the  wire  bond  provides  a  conductivity  bridge  between  the  die  and  the  leadframe,  it  is 
of  utmost  importance  that  the  bond  on  either  end  of  a  wire  bond  be  reliable.  Thus,  another  factor  in  choosing  a 
reliable  material  is  whether  the  metallic  alloy  systems,  represented  by  a  phase  diagram,  are  ideal  for  forming  a 
sturdy,  reliable  bond.  In  order  to  do  this,  the  bonding  surface  metallurgy  and  condition  are  very  important. 

Some  technical  considerations  for  selecting  a  wire  bond  material  include: 

•  tensile  strength, 

•  flexural  strength  (stiffness), 

•  workability/ductility, 

•  bond  pull  strength  (adhesion), 

•  processing  temperature  (maximum  bonding  temperature), 

•  compatibility  with  bond  pad/lead  metallurgy,  and 

•  surface  contamination. 

These  considerations  are  not  necessarily  properties,  but  represent  the  general  areas  of  concern  regarding 
reliability  of  plastic  packages. 

Tensile  Strength:  The  ultimate  tensile  strength  (“UTS”)  of  a  wire  is  a  measure  of  the  maximum  load  a 
material  will  support  without  complete  failure.  It  is  important  as  an  overall  indicator  of  susceptibility  of  wires  to 
stresses  during  the  assembly  process.  It  is  desirable  to  have  a  material  with  high  ultimate  tensile  strength,  but  not  at 
the  expense  of  workability.  However,  it  is  important  to  note  that  although  the  UTS  is  helpful  in  evaluating  relative 
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strengths  of  such  materials,  it  is  still  not  an  indicator  of  how  wires  made  from  such  materials  will  hold  up  in  the 
assembly  process. 

Flexural  Strength:  The  flexural  strength  or  stiffness  is  a  measure  of  elasticity  of  a  material.  It  is  most 
important  in  preventing  wire  sweep,  which  is  the  movement  of  bond  wires  perpendicular  to  their  length  during 
molding.  It  is  desirable  to  have  a  material  with  a  relatively  high  flexural  strength  without  sacrificing  workability. 
The  stiffness  is  sometimes  measured  as  the  Young’s  elastic  modulus  and  can  be  obtained  with  the  same 
measurement  used  to  determine  tensile  strength. 

Workability:  Workability  or  ductility  affects  the  manufacturability  of  a  wire  bond.  The  ductility  can  be 
represented  as  an  inherent  property  of  the  material  as  percent  elongation.  However,  workability  goes  beyond  just 
percent  elongation;  it  also  includes  any  age  hardening  or  work  hardening  characteristics  that  might  be  present.  One 
example  is  the  age  hardening  of  copper  wire.  If  it  is  stored  at  elevated  temperature  for  extended  periods,  it  is 
possible  for  a  wire  to  go  “stale”  and  become  brittle. 

Bond  Pull  Strength:  Bond  pull  strength  is  a  measure  of  the  adhesion  and  strength  of  a  wire  bond.  Unlike 
tensile  strength  and  flexural  strength,  it  is  not  an  inherent  material  property,  but  rather  an  indicator  of  the  strength  of 
both  the  wire-pad  interface  adhesion  and  the  wire  itself  It  is  measured  on  the  wire  as-bonded  and  is  strongly 
dependent  on  the  shape  and  quality  of  the  wire  bond. 

Processing  Temperature:  The  processing  temperature  is  not  an  inherent  material  property.  The 
processing  temperature  is  dependent  on  both  the  temperature  properties  of  the  material  and  the  manufacturing 
process.  For  example,  a  gold  thermosonic  bond  would  require  a  higher  bonding  temperature  than  an  alurninurn 
ultrasonic  bond,  but  a  lower  temperature  than  a  gold  thermocompression  bond.  It  is  important  because  a  variety  of 
other  materials,  such  as  die  attach  and  the  chip  itself  may  be  sensitive  to  extreme  temperatures. 

Metallurgical  Compatibility:  The  metallurgical  compatibility  or  intermetallic  formation  is  a  major 
reliability  concern.  The  formation  of  brittle  intermetallic  compounds  can  cause  the  bond  to  degrade  such  that  the 
possibility  of  lifted  bonds  is  high.  Certain  systems  are  highly  susceptible  to  formation  of  such  compounds  in  certain 
temperature  ranges  and  over  time.  These  can  be  identified  by  analyzing  the  phase  diagram  for  the  metal  system. 
Nevertheless,  intermetallic  formation  is  not  all  bad.  A  certain  level  of  intermetallic  formation  is  required  to  create  a 
strong  bond.  Typically,  the  use  of  the  word  “intermetallic”  in  industry  connotes  the  less  desirable  meaning. 

Surface  Contamination:  Surface  contamination,  including  oxide  layers,  impacts  the  reliability  of  the  bond 
during  manufacture.  The  presence  of  surface  films  requires  additional  force  or  energy  to  break,  resulting  in  other 
reliability  problems,  such  as  cratering  or  die  cracking.  It  is  important  to  understand  where  a  surface  contamin^ion 
issue  might  arise,  such  as  in  copper  bonding,  where  a  thick  surface  oxide  may  be  formed,  especially  at  high 

temperature. 

4.1.3  Cost  and  Availability;  Alternatives 

Cost  and  Availability:  The  relative  costs  of  various  materials  of  construction  of  a  plastic  package  (160- 
lead  Plastic  Quad  Flat  Package,  in  this  case)  are  depicted  in  Figure  4-1.  Using  the  typical  design  rules  oif  keeping 
wire  lengths  under  200  mils  to  minimize  wire  sweep,  the  maximum  amount  of  gold  wire  for  the  160-lead  PQFP  is 
about  32  in.  This  translates  to  almost  1/5  of  the  total  package  cost,  which  is  about  the  same  level  as  the  item  ‘Trays 
&  Bags”.  The  latter  includes  not  only  the  actual  cost  of  the  plastic  trays,  bags,  or  tubes  (See  Sub-Section  6.0)  but 
also  the  inherent  cost  of  dry  bagging.  It  should  be  pointed  out  that  the  relative  costs  will  vary  with  different  package 
types  and  sizes,  and  will  depend  on  whether  dry  bagging  or  any  other  special  handling  precaution  is  required. 

The  total  worldwide  1995  market  for  wire  bond  materials  is  around  $US  400M.  It  is  a  relatively  small 
market  with  even  smaller  profit  margins,  and  pricing  fluctuating  with  that  of  precious  metals. 

Alternatives:  Although  wire  bonding  is  the  predominant  interconnect  method  in  plastic  packaging,  there 
are  two  alternatives  worth  noting.  The  first  is  Tape  Automated  Bonding  (“TAB”).  It  involves  using  thinner 
leadframes  that  are  “bumped”  (29)  and  thermocompression  bonded  directly  to  the  die.  Typically,  the  die  is  also 
bumped  with  either  gold  or  copper  in  a  post-fab  assembly  process.  The  advantages  of  TAB  are  the  relatively  high 
throughput  through  the  bonding  process  and  the  relative  strength  of  such  bonds.  The  disadvantage  is  the  high  cost 
associated  with  tooling  and  design  of  leadframes. 
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The  second  alternative  is  flip-chip  bonding,  which  essentially  involves  bonding  of  solder  bumped  die  to  a 
substrate  or  even  a  printed  circuit  board  (in  the  case  of  chip-on-board).  This  process  has  advantages  in  low 
manufacturing  cost  and  reworkability.  However,  due  to  the  high  cost  of  repatteming  bond  pad  locations  and  the 
solder  bumping  process  itself,  the  process  is  not  commonly  found  in  plastic  packaging  at  a  high  volume  level. 

Figure  4-1:  Relative  materials  costs  for  a  160-lead  plastic  quad  flat  package  (41) 
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4.1.4  Reliability  Issues 

Wire  bond  materials  and  processing  can  affect  the  reliability  of  plastic-encapsulated  devices  in  a  number  of 
ways.  Primarily,  wire  bond  problems  can  result  in  functional  failures  and  parametric  shifts.  However,  there  are  also 
some  impact  on  the  long  term  reliability. 

Bond  Pad  Cratering:  One  of  the  main  reliability  concerns  with  wire  bonds  is  cratering  of  the  bond  pad. 
This  phenomenon  is  caused  by  mis-application  of  ultrasonic  energy  to  the  bond  pad  during  the  bonding  process. 
The  energy  necessary  to  create  a  strong  bond  can  also  induce  cracks  either  through  the  underlying  bond  pad 
metallization  or  in  the  silicon  itself.  The  most  common  source  of  cratering  problems  is  contaminated  bond  pads, 
where  more  ultrasonic  energy  may  be  necessary  to  break  through  the  surface  films.  This  results  in  excessive 
amounts  of  ultrasonic  energy  that  cause  cratering.  The  end  result  is  lifting  of  the  bond  and  pad,  thereby  creating  an 
open  circuit. 

Cratering  problems  can  be  minimized  through  process  optimization  (30).  Generally,  they  are  typical  of 
ultrasonic  bonding  and  not  thermocompression  bonding.  This  is  primarily  because  of  the  directional  nature  of  the 
ultrasonic  energy  which  creates  paths  for  crack  propagation.  Cratering  can  be  resolved  by  using  thicker  and  softer 
bond  pad  metallization  to  help  absorb  the  ultrasonic  energy  (31). 

Delamination/  Package  Cracking:  Wire  bonds  generally  do  not  have  a  great  effect  on  delamination  or 
package  cracking.  On  the  other  hand,  delamination  can  expose  wire  bond  reliability  problems.  For  example,  a 
package  that  may  have  low  to  medium  delamination  may  cause  lifting  of  weak  bonds  or  even  breaking  of  wires, 
thereby  causing  opens.  Wires  that  are  swept  close  together  can  cause  shorts  or  leakage  in  moist  conditions. 

Die  Cracking/Temperature  Cycling:  Both  die  cracking  and  bond  pad  cratering  can  result  where 
formation  of  a  strong  wire  bond  requires  excessive  force  and  energy.  A  wire  material  that  is  too  hard  or  has  a  thick 
surface  layer  that  must  be  broken  will  require  more  energy  to  overcome  either  the  surface  layer  or  to  deform  the 
wire.  This  can  translate  into  stresses  high  enough  to  create  microcracks  that  would  propagate  in  subsequent 
temperature  cycling.  In  addition,  temperature  cycling  can  cause  fatigue  failures  on  wires  at  their  weakest  point,  such 
as  at  the  top  of  the  ball,  where  cracks  in  the  wire  can  form  if  improperly  processed. 

Corrosion/Intermetallics:  Material  type  plays  an  important  role  in  corrosion-related  failures.  First,  a  wire 
material,  such  as  aluminum,  may  be  generally  susceptible  to  moisture  corrosion  by  virtue  of  its  natural  affinity  to 
react  with  water,  especially  in  the  presence  of  chlorine.  This  would  be  a  traditional  corrosion  problem.  The  result 
would  be  substantially  degraded  electrical  performance  and  opens.  Another  consideration  is  where  the  wire  material 
does  not  actually  corrode,  but  rather  reacts  with  another  material  to  which  it  is  bonded,  such  as  where  gold  wire  is 
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bonded  to  aluminum  bond  pads  or  leadframes.  In  that  case,  the  diffusion  rate  of  aluminum  through  gold  is  greater 
than  that  of  gold  through  aluminum,  especially  at  elevated  temperatures,  creating  a  problem  known  as  Kirkendall 
voiding  on  the  die.  Bond  resistance  increases  gradually  until  electrical  opens  register. 

Another  corrosion  concern  is  at  the  bond  pad-wire  bond  interface.  Bond  pads  are  usually  square.  A  typical 
wire  bond  will  not  cover  the  entire  bond  pad  area,  leaving  the  comers  exposed.  This  can  lead  to  corrosion  problems 
with  the  exposed  aluminum  in  a  plastic  package.  One  solution  is  to  use  round  or  octagonal  bond  pad  openings  to 
help  minimize  the  exposed  aluminum  area. 

4.1.5  Current  Military  Specification  Requirements 

Currently,  the  military  specifications  for  wire  bonds  for  integrated  circuits  only  cover  aluminum  wire  bond 
materials.  The  main  reason  is  that,  thus  far,  packages  used  for  military  integrated  circuits  are  predominantly 
ceramic/hermetic,  except  for  certain  ordnance  applications  (e.g.,  fuses)  requiring  resistance  to  large  acceleration. 
There  is  currently  no  specification  for  materials  in  plastic-encapsulated  packages. 

4.1.6  Types  of  Plastic  Packages 

There  are  numerous  package  types  or  outlines  in  industry  today.  These  can  be  classified  by  their  lead 
counts,  end  application,  overall  package  size,  or  other  physical  characteristics.  For  the  purposes  of  this  Sub-section, 
plastic  packages  will  be  classified  into  the  following  categories: 

•  Low  lead  count 

•  Medium  lead  count 

•  High  lead  count 

•  Fine  pitch 

•  Low  profile 

4.2.  Wire  Materials  and  Properties 

The  following  Sub-section  outlines  the  various  types  of  wire  materials  and  their  properties  as  related  to 
package  reliability.  Table  4-1  compares  the  different  materials. 

Table  4-1:  Wire  bonding  materials  (32) 


Wire  Material 

Advantages 

Disadvantages 

Gold 

Resistant  to  corrosion;  Amenable  to  high 
volume  processing 

Expensive;  Require  high  temp,  bonding  to 

Ag;  Intermetallics 

Aluminum 

Inexpensive;  Compatible  with  A1  bond  pad 
materials;  Excellent  for  low  profile  bonding 

Susceptible  to  corrosion;  Difficult  to  process 
other  than  wedge  bonding 

Copper 

Resistant  to  wire  sweep;  Inexpensive 

Can  be  too  hard  (cratering);  May  require 
special  processing 

4.2.1  Gold 

Gold  is  the  preferred  wire  material  in  use  for  plastic-encapsulated  packages.  Gold  wire  is  highly  resistant 
to  corrosion,  thus  requiring  little,  if  any,  special  treatment  to  avoid  corrosion-related  reliability  problems  in  the  non- 
hermetic  environment  of  plastic  packages.  Additionally,  gold  wire,  when  doped  with  the  appropriate  elements, 
possesses  excellent  mechanical  properties  that  make  high  volume  manufacturing  possible.  Gold  wire  is  relatively 
soft  and  does  not  harden  as  a  result  of  deformation  to  the  extent  that  other  materials  harden.  Less  energy  is  required 
to  ensure  a  good  bond,  resulting  in  lower  likelihood  of  cratering.  Gold  is  soft  in  its  pure  state.  Like  most  wires, 
dopants  are  used  to  improve  wire  properties.  Gold  wire  are  typically  doped  with  beryllium  or  copper  to  provide 
workability.  Beryllium  is  typically  doped  at  5-10  ppm  by  weight.  Copper  is  doped  at  30-100  ppm  by  weight. 

The  primary  downside  of  gold  wire  is  the  material  cost.  The  average  cost  of  gold  is  one  hundred  times  that 
of  silver  and  one  thousand  times  that  of  copper  (33).  Although  cost  consideration  is  crucial  when  it  comes  to  high 
volume  production,  gold  has  retained  its  dominance  in  plastic  packaging.  This  is  a  result  of  the  relatively  high  cost 
of  ownership,  i.e.  total  cost,  associated  with  alternative  materials.  In  comparison,  aluminum  offers  excellent 
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compatibility  with  bond  pad  metal  and  good  conductivity  and  workability.  However,  aluminum  is  highly 
susceptible  to  corrosion.  Yield  fallout  from  corrosion  increases  the  cost  of  using  aluminum  wire.  Likewise,  copper, 
which  has  tremendous  cost  advantages  from  a  raw  material  standpoint,  requires  specialized  handling,  and  suffers 
from  increased  likelihood  for  cratering  which  drive  up  the  total  cost.  Thus,  gold  remains  the  preferred  wire  material 
for  plastic  packaging. 

Because  gold  is  highly  resistant  to  oxidation,  it  is  ideal  for  both  thermocompression  and  thermosonic 
bonding,  where  elevated  temperatures  that  ensure  good  bonding  are  not  detrimental  to  surface.  These  bonding 
techniques  also  allow  for  higher  volume  manufacturing  with  good  yield. 

The  predominant  bond  pad  metallurgy  on  silicon  is  aluminum,  possibly  with  nickel-based  or  titanium- 
based  barrier  layers.  This  presents  a  compatibility  problem  at  elevated  temperatures  for  extended  periods  of  time 
when  using  gold  wire.  The  gold-aluminum  system  contains  brittle  intermetallics,  such  as  Au^Alj,  AU2AI,  AUAI2, 
AuAl,  and  Au^Al,  that  can  form  over  time.  This  is  accelerated  at  elevated  temperatures,  e.g.  greater  than  175°C. 
This  begins  with  the  initial  bonding  process,  where  wire  and  pad  are  mated  together  at  elevated  temperatures  and 
achieve  a  “good”  bond.  As  time  progresses  and  at  elevated  temperatures,  intermetallics  form  naturally. 
Intermetallic  formation  may  result  in  Kirkendall  voiding  because  of  disparate  diffusion  rates. 

Copper,  which  is  typically  used  for  leadframes,  can  also  have  some  compatibility  issues  with  gold  wire. 
Copper  and  gold  form  ductile  intermetallics  at  temperatures  in  excess  of  200°C.  Bond  strength  is  usually  affected  as 
a  result  of  void  formation.  However,  there  is  evidence  of  high  bond  reliability  for  elevated  temperatures  and 
extended  times  in  gold-copper  systems  (34), 

Silver  is  used  as  a  plating  on  leadframe  bond  sites  for  a  number  of  reasons,  such  as  for  pattern  recognition 
on  high  volume  wire  bonders.  It  typically  does  not  pose  any  compatibility  issues.  However,  cleanliness  of  the 
bonding  surface  is  important  in  ensuring  a  good  bond. 

The  presence  of  these  problems  can  result  in  degradation  in  signal  integrity.  Voids  or  partially  lifted  bonds 
may  also  result  in  crack  sources  for  package  cracks  in  molding  compounds. 

4.2.2  Aluminum 

Aluminum  wire  is  commonly  found  in  ceramic  packaging.  It  has  found  limited  use  in  plastic  packaging. 
The  primary  concern  is  susceptibility  to  corrosion  within  the  non-hermetic  environment  of  plastic  packaging. 
Aluminum  oxidizes  readily  in  the  presence  of  moisture.  This  process  is  exacerbated  when  chlorine  ion 
contamination  is  present,  resulting  in  the  formation  of  an  aluminum  hydroxide.  Thus,  aluminum  is  not  ideal  for  use 
in  plastic  packaging  where  moisture  is  almost  always  present  at  some  concentration.  Like  gold,  aluminum  is 
typically  alloyed  with  certain  elements  for  improved  properties.  These  may  include  silicon  or  magnesium. 

There  is  some  application  in  plastic-packaged  devices  where  low  profiles  and  fine  pitch  are  necessary.  The 
ideal  processing  for  aluminum  wires  is  wedge  bonding.  This  process  produces  very  low  bond  heights.  It  allows  for 
fine  pitch  because  of  the  absence  of  a  capillary.  There  are  no  real  compatibility  problems  with  bond  pads,  since  the 
materials  are  essentially  the  same.  However,  aluminum  and  silver  do  not  bond  well.  The  system  contains  many 
intermetallic  phases  which  provide  poor  bonds.  They  also  oxidize  readily  in  humid  environments.  There  is  also  the 
problem  of  Kirkendall  voiding. 

Generally,  wedge  bonding  is  the  preferred  method  of  bonding  aluminum  wire.  However,  wedge  bonding  is 
slow  in  comparison  to  ball  bonding.  It  does  not  lend  itself  well  to  ball  bonding,  either  ultrasonically  or  by 
thermocompression.  Ball  bonding  would  require  use  of  an  inert  gas  blanket  during  bonding  to  avoid  high  oxygen 
contents  in  the  wire  which  result  in  brittle  wire  and  undesirable  properties  (35). 

4.2.3  Copper 

Copper  wire  presents  distinct  advantages  with  regard  to  cost  and  wire  stiffness  over  gold.  However, 
processing  difficulty  offsets  most  advantages  that  are  gained  with  regard  to  cost.  As  mentioned  above,  gold  is  the 
most  prevalent  wire  material  in  use  in  plastic  packages.  Copper  has  found  limited  use  in  power  applications,  where 
thick,  stiff  wires  are  necessary  to  handle  high  current  and  thick  molding  compound.  The  high  stiffness  of  copper 
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makes  it  ideal  for  avoiding  wire  sweep  problems,  where  wires  are  deflected  perpendicular  to  the  direction  of 
bonding  during  the  molding  process,  sometimes  resulting  in  shorted  wires. 

The  predominant  problem  with  using  copper  wire  is  its  relatively  high  hardness  when  compared  with  gold. 
This  can  create  problems  with  cratering  under  die  pads  as  a  result  of  the  bonding  process.  Additionally,  harder  bond 
pad  metallizations  are  required  to  avoid  excessive  deformation  of  the  bond  pad.  This  problem  is  closely  linked  with 
the  method  of  processing  used  to  create  the  copper  wire  bond.  Copper  ball  bonding  must  be  carried  out  in  an  inert 
atmosphere,  such  as  argon,  to  avoid  heavy  oxide  formation  on  the  ball.  This  oxide  contributes  the  increased 
hardness  of  a  copper  ball  and  requires  more  force  and  energy  to  create  a  bond,  thereby  making  it  extremely  difficult 
to  bond  without  cratering  (39).  There  is  some  evidence  that  dopants  can  improve  the  bondability  of  copper  wire  in 
an  automated  setting  (37).  More  recent  results  with  copper  wire  bonding  indicate  that  good  reliability  in  integrated 
circuits  can  be  obtained  provided  that  the  proper  bond  pad  metallization  has  been  used  to  avoid  cratering  (38). 

Copper  does  not  have  compatibility  problems  with  copper  leadframes.  Generally,  copper-aluminum  bonds 
are  stronger  and  avoid  Kirkendall  voiding  as  compared  with  gold-aluminum  bonds.  The  high  temperature  storage 
life  is  almost  double  that  of  gold-aluminum  bonds  at  200®C  (39).  The  strength  of  copper-aluminum  bonds  does 
decrease  at  elevated  temperatures  due  to  formation  of  a  brittle  CUAI2  intermetallic  (40). 

4.3  Wire  Bonding  Processing 

4.3.1  introduction 

Reliable  wire  bonds  are  as  much  a  function  of  manufacturing  process  as  they  are  of  materials.  Reliability 
can  be  compromised  when  either  inappropriate  or  poorly  controlled  processing  is  used.  As  mentioned  in  the 
previous  Sub-section,  the  various  materials  used  in  wire  bonding  are  sometimes  “typecast”  with  a  particular  type  of 
bonder.  For  example,  gold  wire  is  typically  bonded  using  a  thermosonic  ball  bonder.  Aluminum  is  typically  bonded 
using  an  ultrasonic  wedge  bonder.  The  choice  of  process  depends  on  both  the  material  and  the  end  application. 

4.3.2  Types  of  Wire  bonding  Processes 

There  are  basically  three  types  of  wire  bonding  processes  used  for  production  of  plastic  packages: 
thermocompression,  ultrasonic,  and  thermosonic.  Of  these  three,  the  most  prevalent  is  thermosonic  wire  bonding, 
which  is  the  preferred  method  for  bonding  gold  wire. 

Thermocompression:  Thermocompression  bonding  uses  a  heated  capillary  which  compresses  the  wire 
against  the  bond  pad  with  such  force  at  a  certain  temperature  that  interdiffusion  occurs  at  the  interface  and  a  bond  is 
formed.  A  ball  is  initially  formed  at  the  end  of  a  wire  that  is  fed  through  the  capillary.  A  “flame”  melts  the  end  of 
the  wire  to  form  the  ball,  which  is  generally  polarized  in  relation  to  the  bond  pad.  When  a  ball  is  formed,  the 
capillary  strikes  the  bond  pad  and  applies  the  specified  force  for  a  few  milliseconds.  The  capillary  then  moves  in 
such  a  manner  as  to  draw  the  wire  through  the  capillary  and  moves  to  the  second  location  of  the  bond.  It  then  strikes 
the  second  location  with  another  specified  force  and  pinches  off  the  wire.  Bonding  temperatures  tend  to  be  high, 
approximately  300  to  400®C  to  ensure  good  bonds.  Forces  necessary  to  create  a  good  bond  are  highly  dependent  on 
the  metallurgy  and  size  of  the  wire  and  the  cleanliness  of  the  wire  and  bond  pad. 

Ultrasonic:  Ultrasonic  bonding  uses  ultrasonic  energy  to  create  a  bond.  The  process  involves  much  lower 
temperatures  than  thermocompression,  and  is  thus  better  suited  for  materials  where  oxidation  or  high  temperature  is 
a  problem.  It  is  the  most  common  method  of  bonding  aluminum  wires.  Typically,  a  bonding  wedge  with  a  guide 
cut  is  used  where  the  wire  is  fed  under  a  flat  tool  that  holds  the  wire  to  the  pad  and  transmits  the  energy  to  break 
through  surface  films  and  create  the  bond.  The  process  is  a  slower  process  than  thermocompression  because  the 
bonding  tool  is  asymmetrical  and  requires  constant  alignment  of  the  device  to  be  bonded  to  the  tool.  Typical 
throughput  for  ultrasonic  wedge  bonders  is  three  wires  per  second. 

Thermosonic:  Thermosonic  bonding  is  essentially  a  thermocompression  process  with  an  ultrasonic 
element.  It  uses  the  same  type  of  capillary  as  thermocompression,  but  the  capillary  is  not  heated.  The  set-up  is  the 
same  as  thermocompression,  except  that  the  capillary  is  tied  into  the  transducer  and  delivers  the  ultrasonic  energy. 
This  allows  for  bonding  at  lower  temperatures  than  with  thermocompression. 
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The  bonding  temperature  is  usually  200°C  lower  than  thermocompression.  This  process  is  used  for  small 
(<  3  mils)  wire  diameters.  The  process  is  typically  used  for  gold  wire,  although  applications  for  aluminum  and 
copper  wire  have  been  explored  and  used  in  limited  circumstances.  Thermosonic  bonding  is  desirable  because  of  its 
ability  to  produce  highly  consistent  and  reliable  bonds  at  high  throughputs,  approximately  ten  wires  per  second. 

4.3.3  Concerns/Special  Manufacturing 

Concerns:  One  of  the  main  reliability  concerns  with  wire  bonds  is  cratering  of  the  bond  pad.  This 
phenomenon  is  caused  by  application  of  ultrasonic  energy  to  the  bond  pad  during  the  bonding  process.  TTie  energy 
necessary  to  create  a  strong  bond  can  potentially  induce  cracks  either  through  the  underlying  bond  pad  metallization 
or  in  the  silicon  itself.  The  most  common  source  of  cratering  problems  is  contaminated  bond  pads,  where  more 
ultrasonic  energy  may  be  necessary  to  break  through  the  surface  films.  Other  causes  for  pad  cratering  are 
unoptimized  bonding  conditions  (e.g.,  high  velocity  approach  of  the  capillary,  high  force,  long  bond  time,  ...)  or 
peculiar  pad  metallization  (e.g.,  Cu  nodules  distributed  unevenly  though  the  thickness  of  the  in  AlCu  pad).  This 
results  in  excessive  amounts  of  ultrasonic  energy  that  can  cause  cratering.  The  result  is  the  lifting  of  the  bond  and 
pad,  thereby  creating  an  open  circuit. 

Cratering  problems  can  be  minimized  through  process  optimization  (30,38).  Generally,  they  are  typical  of 
ultrasonic  bonding  and  not  thermocompression  bonding.  This  is  primarily  because  of  the  directional  nature  of  the 
ultrasonic  energy  which  creates  paths  for  crack  propagation.  Cratering  can  be  resolved  by  using  thicker  and  softer 
bond  pad  metallization  to  help  absorb  the  ultrasonic  energy  (31). 

Another  concern  is  corrosion  or  oxidation.  For  wire  materials,  such  as  aluminum  or  copper,  high 
temperature  bonding  processes  are  not  desirable  because  of  the  susceptibility  of  those  materials  to  oxidization.  For 
this  reason,  ultrasonic  bonding  is  typically  used  for  aluminum.  Thermosonic  bonding  can  be  used  for  aluminum  and 
copper  with  an  inert  gas  blanket  during  bonding  to  help  reduce  the  level  of  oxygen  present  during  bonding. 

Special  Considerations:  The  advent  of  portable  personal  electronics  has  driven  the  semiconductor 
industry  to  produce  smaller,  thinner,  and  lighter  packages.  As  a  result,  the  demand  for  low  profile  and  fine  pitch 
wire  bond  capability  has  increased.  Among  the  modifications  in  wire  bonders  to  accommodate  this  demand  are 
improved  bond  head  movement  programs  to  create  low  loop  heights  and  redesigned  capillary  shapes.  Improved 
wire  looping  is  accomplished  by  bond  head  movements  that  actually  work  the  entire  wire  to  create  a  worked  loop 
instead  of  a  curved  loop.  Fine  pitch  wire  bonding  is  addressed  through  various  design  and  process  improvements 
such  as  staggered  bond  pads  or  altered  capillaries.  Another  fine  pitch  process  improvement  is  nail  head  bonding, 
where  a  bond  with  a  very  small  ball  is  produced  to  improve  spacing.  These  special  bonding  considerations  involve 
special  material  selection  decisions  which  are  beyond  the  scope  of  this  Sub-section. 

4.4  Wire  Bond  Suppliers 

4.4.1  Domestic  Suppliers 


Table  4-2:  Domestic  suppliers  of  wire  bond  materials 


Company 

Manufacturing  Type 

Location 

American  Fine  Wire  (recently 
acquired  by  Kulicke  &  Soffa  Ind.) 

Aluminum,  Gold 

Selma,  AL 

4.4.2  Foreign  Suppliers 


Table  4-3:  Foreign  suppliers  of  wire  bond  materials 


Company 

Manufacturing  Type 

Location 

Tanaka 

Aluminum,  Gold,  Copper,  Solder 

Tokyo,  Japan 

Sumitomo  Metals  &  Mining 

Aluminum,  Gold,  Copper 

Tokyo,  Japan 

Mitsubishi 

Aluminum,  Gold 

Tokyo,  Japan 

Nippon  Micro  Metal 

Aluminum,  Gold 

Tokyo, Japan 

Furukawa 

Gold,  Copper 

Tokyo,  Japan 
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5.0  DIE  COATING 


5.1  Introduction 

Coatings  used  for  semiconductor  devices  can  include  a  variety  of  organic  and  inorganic  materials.  Their 
purposes  are  varied,  from  stress  relief  due  to  encapsulation,  to  alpha  particle  protection,  to  simple  chip  passivation. 
In  addition,  the  category  may  include  conformal  coatings  used  for  protection  of  the  silicon  die  and  wires,  such  as  in 
chip-on-board  applications  (42).  In  this  Sub-section,  die  coatings  are  discussed  only  within  the  context  of  plastic- 
encapsulated  packages. 

The  typical  commercial  plastic-packaged  device  has  a  surface  coating,  usually  a  top-layer  passivation, 
applied  at  the  end  of  wafer  fabrication.  The  passivation  protects  against  alpha  particles  and  gives  stress  relief 
imparted  by  the  encapsulation  process,  which  may  affect  device  characteristics.  The  die  would  then  be  mounted, 
wire  bonded  and  molded  with  no  additional  surface  processing.  Coatings  may  be  viewed  as  an  intermediate 
packaging  step  between  device  assembly  and  encapsulation.  It  is  important  to  recognize  that,  unlike  other  categories 
mentioned  in  the  Materials  of  Construction,  such  as  leadframes  or  bonding  wires,  different  coating  materials  can 
perform  the  same,  as  well  as  varied,  purposes.  So,  it  is  important  to  first  identify  the  desired  benefit  or  end- 
application  before  evaluating  the  material  to  be  used. 

5.2  Applications 

As  mentioned  previously,  there  are  a  number  of  different  applications  for  die  coatings.  They  can  be 
grouped  into  the  following  categories: 

•  Stress  relief, 

•  Alpha  particle  protection, 

•  Environmental  protection, 

•  Passivation,  and 

•  Mechanical  protection 

Mechanical  protection  in  the  context  of  chip-on-board,  where  no  further  encapsulation  is  performed,  will  not  be 
addressed  here.  However,  there  is  some  application  for  using  those  encapsulants  for  mechanical  protection  against 
wire  sweep  during  the  encapsulation  process.  Inorganic  materials,  like  silicon  nitride  or  oxy-nitride,  used  as 
passivation,  will  also  not  be  addressed. 

Stress  Relief:  Stress  relief  is  critical  in  applications  where  stress-sensitive  devices  are  packaged  in  plastics. 
As  silicon  die  sizes  increase,  the  stresses  from  both  transfer  molding  and  thermal  expansion  coefficients  mismatch 
can  result  in  delamination,  package  cracking,  or  die  cracking.  In  such  cases,  die  coatings  relieve  stress  by  providing 
a  barrier  or  cushion  between  the  silicon  and  the  encapsulant.  Both  silicones  and  polyimides  can  be  used  as  stress 
relief  coatings  in  plastic  packages. 

Alpha  Particle  Protection:  Memory  devices  are  extremely  sensitive  to  bombardment  by  alpha  particles 
associated  with  radioactive  impurities  in  the  fillers  of  mold  compounds.  These  particles  can  cause  soft  errors  in 
memory  devices.  Extensive  purification  of  mold  compound  combined  with  good  surface  barrier  on  the  die  (usually 
polyimide)  helps  to  minimize  the  effect  of  alpha  particles. 

Environmental  Protection:  Unlike  traditional  ceramic  packaging,  plastic-encapsulated  packaging  does 
not  create  a  hermetic  environment.  Even  though  molding  compounds  are  relatively  porous  to  moisture,  epoxy- 
encapsulated  devices  have  excellent  reliability  for  most  commercial  applications.  However,  in  applications  where 
there  is  a  low  margin  for  error  or  harsh  environments  are  present,  additional  protection  beyond  that  offered  by  a 
standard  plastic  package  may  be  required.  Die  coatings  are  an  inexpensive  way  to  achieve  such  added  protection. 
Such  materials  can  serve  as  an  additional  barrier  to  ion-laden  moisture  that  may  threaten  exposed  areas  of  aluminum 
on  the  die.  Performance  of  die  coatings  can  be  evaluated  by  accelerated  life  tests  such  as  THBT  and  HAST  (43). 

5.3  Cost  and  Availability 
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Any  process  and  material  which  is  not  part  of  a  standard  process  will  obviously  add  cost  and  affect 
throughput.  However,  many  of  these  are  also  fairly  common  and  readily  available.  Naturally,  it  is  a  question 
whether  the  additional  cost  is  offset  by  the  increase  in  yield  and  performance. 

5.4  Reliability  and  Failure  Issues 

The  sole  purpose  of  using  die  coatings  is  to  improve  the  overall  reliability  of  the  device.  Thus,  the  thrust  of 
this  Sub-section  will  focus  on  the  advantages  that  die  coatings  convey  to  the  end  product. 

Temperature/Stress:  Materials  chosen  for  die  coatings  must  be  able  to  withstand  the  rigors  associated 
with  semiconductor  manufacturing,  processing,  and  testing.  For  example,  a  die  coat  at  the  wafer  level  must  be  able 
to  retain  adhesion  through  the  wafer  sawing  process  and  withstand  the  temperatures  associated  with  die  attach  cure 
and  wire  bonding,  followed  by  the  stresses  of  the  molding  process  and  the  post-mold  cure  temperature.  Epoxies 
begin  to  break  down  beyond  200X  of  continuous  heat.  In  contrast,  polyimides  can  withstand  exposure  temperature 
above  250°C. 

Moisture:  Another  concern  with  die  coatings  is  the  moisture  absorption  and  desorption  that  may  be 
associated  with  both  manufacture  and  use.  For  example,  polyimides  desorb  moisture  during  the  polyimide  curing 
process.  During  cure,  a  typical  polyimide  film  can  lose  up  to  10  weight  %  of  p'loisture.  An  incomplete  cure  could 
result  in  release  of  moisture  later  in  the  assembly  process  or  during  field  use.  Silicone  materials  are  highly 
permeable  to  moisture.  However,  certain  silicone  gels  bind  to  the  surface  and  occupy  all  the  active  surface  sites, 
thereby,  inhibit  potential  corrosion. 

Adhesion/Delaniination:  Die  coatings  are  only  effective  if  they  stay  on  the  die.  Delamination  defeats  the 
purpose  of  using  most  die  coatings,  as  protection/barrier  of  the  underlying  device.  Adhesion  is  also  an  important 
factor  in  avoiding  package  delamination  as  well  as  corrosion. 

5.5  Die  Coating  Materials  and  Properties 

There  are  three  types  of  materials  in  wide  use  as  die  coatings.  They  are  polyimides,  silicones,  and  epoxies. 
These  materials  can  be  used  for  a  variety  of  the  applications  noted  above.  Table  5-1  shows  the  relative 
characteristics  of  various  coating  materials. 

Table  5-1 :  Relative  characteristics  of  various  coating  materials  (44) 


Material 

Thermal  conductivity 
(W/ni°C  ) 

Thermal  expansion 

(io'V“C) 

Continuous  heat 
resistance  (°C) 

Effects  of  weak 
acids  ; 

Polyimides 

_ 

4.0-  5.0 

260 

Resistant 

1  Silicones 

3.5 -7.5 

6-9 

204 

Little  or  none 

1  Epoxies 

4-5 

4.5 -6.5 

121 

None 

BCBs 

— 

3.4 

1  300 

None 

5.5.1  Polyimides 

Polyimides  are  organic  polymers  that  possess  extremely  high  heat  resistance  (45).  The  class  of  polyimides 
is  quite  large  and  encompasses  a  number  of  different  materials  in  use  throughout  the  electronics  industry.  For  this 
report,  the  discussion  is  restricted  to  condensation  polyimides,  named  for  the  water  produced  as  part  of  the 
imidization  process.  They  have  wide  application  throughout  the  semiconductor  industry  from  dielectric  layers  to 
conformal  coating.  Within  this  category,  names  used  by  various  vendors  include  Pyralin'^'^,  PIQ,  and  PI  (46).  Some 
of  the  desired  properties  that  polyimides  possess  are: 

®  High  temperature  resistance, 

®  Low  thermal  expansion, 

®  Desirable  dielectric  constant  (3.4  @  1  kHz), 

®  Planarization  capability, 

Ease  of  processing,  and 
®  High  purity 
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Polyimides  can  be  used  as  a  buffer  coat  for  stress  relief,  passivation,  alpha  particle  barrier,  and  moisture 
barrier.  These  applications  can  be  met  by  using  polyimides  applied  as  a  thin  film.  There  are  two  basic  types  of 
polyimides:  photosensitive  and  non-photosensitive.  The  photosensitive  polyimides  do  not  require  an  additional 
masking  step  to  pattern  the  bond  pad  openings  as  with  non-photosensitive  polyimides.  However,  photosensitive 
polyimides  usually  require  dry  (plasma)  processing,  while  non-photosensitive  material  requires  all  wet  (chemical) 
processing.  Functionally,  the  two  types  are  identical.  Polyimides  are  formed  by  a  process  known  as  inridiz^ion. 
This  involves  the  curing  of  polyamic  acid,  a  precursor  to  polyimide.  A  high  temperature  cure  of  about  300  C  tor 
one  hour  will  cause  the  polyamic  acid  to  react  forming  a  polyimide  film  (47).  Polyamic  acid  allows  for  a  convenient 
delivery  vehicle  for  achieving  planarization  and  coverage  before  conversion  to  polyimide. 

One  of  me  problems  posed  by  polyimide  films  is  voiding.  The  spin-on  process  cornbined  with  the  presence 
of  water  as  a  by-product  of  curing  can  cause  voiding  to  occur  in  the  cured  film.  In  this  case,  the  resilience  of 
polyimide  becomes  a  disadvantage,  as  voids  are  often  baked  in.  The  solution  is  careful  process  control.  Polyirnides, 
available  commercially  as  polyamic  acid,  can  also  be  obtained  pre-imidized  to  avoid  exposure  to  water  by-products, 
known  as  siloxane  polyimides.  These  products  do  not  have  water  as  a  by-product  of  the  curing  process. 

5.5.2  Silicones 

Silicones  have  been  widely  used  in  the  electronics  industry  since  the  1940s  (48).  They  are  predominantly 
used  as  moisture  barriers  in  board  level  products,  e.g.,  as  a  conformal  coating.  Historically,  silicone-based  materia  s 
were  also  used  as  encapsulants,  before  the  advent  of  high-purity  molding  compounds.  As  a  die  coating  material, 
they  would  be  drop-dispensed  or  globbed  on.  There  are  two  basic  types  of  silicones  used  for  electronic  applications: 
room-temperature  vulcanized  (RTV)  and  heat-curable  hydrosilation  silicones.  Silicones  belong  to  the  category  ot 
polymers  known  as  elastomers. 

RTV  silicones  do  not  require  any  heat  processing  and  cure  at  room  temperature  through  a  condensation 
process  that  involves  a  volatile  byproducts  such  as  alcohol.  They  can  also  be  produced  by  a  non-volatile  addition 
process  using  platinum  catalysts.  Silica  fillers  are  used  to  provide  improved  dimensional  stability,  while  solvents 
such  as  xylene,  are  used  to  help  control  viscosity  for  encapsulants.  Pigment  can  be  used  to  help  protect  light 
sensitive  devices. 

Heat-curable  hydrosilation  silicones  are  available  in  gel  form  for  easy  application.  Because  it  is  heat 
assisted,  the  cure  times  are  much  lower  than  that  of  RTV  silicone.  It  is  also  easier  to  control  the  cure  process  by 
controlling  the  heat.  The  process  involves  crosslinking,  by  applicauon  of  heat  in  the  presence  of  a  platinum  catalyst, 
of  low  viscosity  linear  hydride  resin  with  higher  viscosity  vinyl  resins. 

The  main  benefit  of  using  silicones  is  the  non-corrosive  by-products  that  are  generated  during  processing. 
The  result  is  a  pure  silicone  resin  that  contains  low  levels  of  ionic  contaminants.  Silicones  offer  excellent  alpha 
particle  shielding  (49).  As  mentioned,  they  also  possess  desirable  mechanical  properties  for  processing.  However, 
the  drawbacks  include  poor  solvent  resistance  and  weak  mechanical  properties,  e.g.,  hardness  and  strengt  . 


5.5.3  Epoxies 

Epoxies  are  widely  used  in  electronics,  predominately  as  an  encapsulation  material.  Epoxy-based  molding 
compounds  are  almost  the  sole  material  used  in  plastic  encapsulation  at  the  high  volume  commercial  level.  In 
addition,  epoxy-based  encapsulants  are  also  used  in  many  “glob-top”  applications  such  as  chip-on-board.  Epoxy- 
based  materials  are  also  used  as  the  matrix  material  for  printed  circuit  boards  (PCB)  (50). 


Epoxy-based  die  coats  are  typically  used  in  production  for  protecting  chips  mounted  directly  onto  a  PCB. 
Unlike  polyimides,  they  are  rarely  applied  as  thin  films  in  production  processing.  These  “glob-top”  epoxies  are 
typically  based  on  a  liquid  bisphenol  A-type  epoxy  resin  and  an  anhydride.  Like  silicones  fillers  and  other  additives 
are  used  to  improve  mechanical  properties,  provide  alpha  particle  protection,  and  provide  other  benefits^ 
Anhydrides  are  added  as  epoxy  curing  agents  because  they  improve  processing  characteristics  such  as  pot  lite  an 
cure  profiles  Pot  life  represents  the  amount  of  time  a  liquid  polymer  remains  “workable”  at  room  temperature,  with 
the  addition  of  catalysts  and  other  additives.  Chemical  resistance  of  the  resultant  epoxy  is  generally  poor.  A  typic^ 
epoxy  glob-top  die  coating  would  consist  of  20  parts  resin,  9  parts  anhydride,  70  parts  fused  silica  filler,  and  1  part 
other  additives  by  weight.  Epoxy-based  die  coatings  can  be  used  to  provide  mechanical  protection  for  wires  during 
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the  molding  process.  They  are  an  aid  to  preventing  wire  sweep.  They  also  can  provide  some  measure  of 
environmental  protection.  The  moisture  absorption  of  epoxy  die  coats  is  relatively  low  compared  to  other  polymers. 
For  example,  over  24  hours  in  boiling  water,  a  typical  glass-filled  epoxy  resin  will  absorb  about  0.2%  water  by 
weight.  In  contrast,  polyimide  materials  absorb  about  3%  water  by  weight  over  24  hours. 

5.5,4  Other  Materials 

Benzocyciobutene  (BCB):  A  high  performance  polymer  developed  by  Dow  Chemical  Company  is  a 
versatile  coating  material  that  can  be  applied  by  thin-film  processing,  ft  has  a  low  dielectric  constant,  low  moisture 
absorption,  and  excellent  adhesion.  Thermal  stability  without  antioxidant  additives  is  poor.  It  has  yet  to  see 
widespread  commercial  use  (51). 

5.5  Die  Coating  Processing 

Die  coatings,  whether  dropped-on  or  spun-on,  are  generally  delivered  in  liquid  form,  spread  over  the 
desired  area,  and  cured.  The  process  used  is  highly  dependent  on  the  material  and  the  nature  of  the  device  being 
covered.  For  example,  a  wafer  is  most  efficiently  covered  by  spin  coating  because  thin-film  patterning  can  be  used 
to  expose  the  bond  pads  through  the  die  coating.  An  assembled  device  is  not  amenable  to  spin  coating  (at  least  not 
at  thin-film  process  levels)  because  of  the  fragility  and  topographical  non-uniformity  of  the  assembled  structure. 

5.5.1  Thin  Film  (Spin-On) 

Polyimides  and  some  silicones  are  applied  through  thin  film  spin  coating.  This  involves  cleaning  the 
wafer,  dispensing  the  die  coating,  spinning  the  wafer  at  various  speeds  to  spread  the  resin  over  the  wafer,  and  soft 
baking  (e.g.,  partial  cure).  The  coating  is  dispensed  from  a  reservoir  using  a  special  pump  to  control  the  amount 
dispensed.  Thicknesses  of  the  coating  can  range  from  1  micron  to  50-100  microns,  but  the  typical  thickness  is  1.5  to 
3  microns.  Much  thicker  coatings  may  require  multiple  coat  and  soft  bake  steps.  After  the  coating  is  applied,  it 
must  be  patterned  to  open  up  the  bond  pads  for  wire  bonding.  This  is  done  using  standard  photolithography 
processing.  Photosensitive  polyimides  do  not  require  photoresists  to  create  the  pattern.  Solvents  are  used  to  open 
the  bond  pads  through  the  resist  pattern. 

The  principal  problem  with  spin  coating  is  ensuring  a  void-free  coating  with  uniform  thickness.  The 
presence  of  voids  or  pinholes  can  greatly  decrease  the  reliability  of  the  device.  Contamination  under  the  coating 
layer  also  undermines  the  reliability  of  the  device.  Contamination,  such  as  dust  particles  and  other  extraneous 
material,  can  lead  to  voids  during  cure  and  may  contribute  ions  to  accelerate  corrosion  under  the  die  coating. 

Proper  process  characterization  is  critical  in  ensuring  maximum  effectiveness  of  polyimide  and  other  thin 
film  die  coating.  Spin  speeds  should  be  optimized  to  maximize  coverage.  Sometimes,  a  two-stage  spin  process  can 
be  used  to  help  decrease  void  concentration  and  increase  uniformity.  In  addition,  the  dispensing  set-up  needs  to  be 
such  that  air  bubbles  are  minimized  in  the  line  from  the  coating  reservoir.  Proper  cleaning  procedures  are  critical  for 
both  thin  film  and  globbing  applications.  Wafers  can  be  cleaned  using  solvents  combined  with  spin  scrubbers, 
which  use  high  pressure  DI  water  while  spinning  the  wafer.  Plasma  cleaning  can  help  eliminate  residual  organic 
materials. 

5.5.2  Globbing  or  Drop  Dispensing 

Epoxy-based  and  silicone  coatings,  as  well  as  some  polyimide  coatings,  are  applied  by  “globbing”  the 
material  over  the  die.  This  entails  a  simple  process  of  dispensing  material  over  the  die  and  allowing  the  material  to 
wet  the  surface.  A  pneumatically  controlled  syringe  is  used  to  control  the  amount  of  material  dispensed.  For  more 
complex  coverage  areas,  a  syringe  mounted  on  an  X-Y  table  can  be  used  to  allow  “drawing”  of  patterns  similar  to 
the  die  attach  dispensing  process.  Special  dispensing  heads  can  be  used  to  distribute  material  over  a  wider  die  area. 
Globbing  is  generally  used  to  die  coat  devices  that  have  already  been  partially  assembled. 

The  problem  with  globbing  is  void  formation  and  even  coverage,  because  the  spread  of  the  material  is  not 
controlled  by  spinning.  These  inconsistencies  can  lead  to  voids  later  in  processing  or  unpredictable  reliability 
results.  This  can  be  avoided  choosing  a  die  coating  material  that  has  a  relatively  low  viscosity  to  aid  flow.  On  the 
other  hand,  there  will  be  cases  where  the  coating  is  required  to  only  cover  certain  features,  in  which  case,  a 
thixotropic  material  will  be  needed  to  preventing  spreading.  Proper  cleaning  procedures  also  will  aid  wetting  and 
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coverage  as  well  as  minimizing  contamination.  Plasma  cleaning  is  commonly  used  to  clean  assembled  devices  and 
enhance  adhesion  of  die  coatings  to  device  surfaces. 

5.5.3  Cure 

Once  the  die  coating  has  been  applied  to  the  device,  it  is  generally  necessary  to  cure  the  layer  prior  to 
molding.  Polyimides  which  produce  water  as  a  by-product  are  typically  cured  between  200  -  400^0,  through  a  step 
cure  process.  Epoxies  are  generally  cured  at  approximately  200°C,  depending  on  the  base  catalyst;  again,  often 
using  a  step  cure  also. 

5.5.4  Other  Techniques 

An  ultrasonic  spray  coater  can  be  used  to  apply  die  coating  precursors  such  as  polyamic  acid  over  devices, 
assembled  or  unassembled.  This  method  uses  ultrasonic  energy  to  atomize  a  solution  into  10-20|im  particles  over 
the  device.  This  process  is  not  widely  used. 

Screen  printing  coating  materials  is  another  technique.  It  allows  for  precise  placement  of  material  over 
defined  areas.  The  difficulty  is  having  a  coating  material  with  the  proper  thixotropic  index,  and  coating  tends  to  be 
fairly  thick.  This  technique  is  also  not  widely  used,  although  some  products  are  available  on  the  market. 

5.6  Die  Coating  Manufacturers 

5.6.1  Polyimides 


Table  5-2:  Suppliers  of  polyimides 


f  Company 

Location  I 

j  DuPont 

Wilmington,  DE 

j  Micro-Si 

Phoenix,  AZ 

Edoxy  Technology 

Billerica,  MA 

OCG 

West  Patterson,  NJ 

Amoco  Chemical  Co. 

Naperville,  IL  1 

5.6.2  Silicones 


Table  5-3:  Suppliers  of  silicones 


1  Company 

Location  I 

j  Dow  Corning 

Midland,  M!  I 

GE  Silicone 

Waterford,  NY 

Loctite 

Troy,  NY  I 

5.6.3  Epoxies 


Table  5-4:  Suppliers  of  epoxies 


f  .  """"company 

Location  ^ 

1  Dow  Chemical 

Midland,  Ml  | 

Ablestik 

Rancho  Dominguez,  CA  I 

Loctite 

Troy,  NY  | 

Dexter  Electronic  Materials 

City  of  Industry,  CA  I 

Hitachi  Chemical 

Tokyo,  Japan  I 

Sumitomo  Chemical 

Tokyo,  Japan  Yl 

5.6.4  BCB 
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Table  5-5:  Supplier  of  BCB 


1  Company 

Location  I 

1  Dow  Chemical  ' 

Midland,  MI  I 

6.0  PACK  AND  SHIP 


6.1  Introduction 

Packing  systems  are  very  important  in  the  semiconductor  business.  Shipping  exposes  the  parts  to  moisture, 
temperature  changes,  and  rough  handling.  The  packing  system  must  address  all  these  issues  to  guarantee  that  the 
customers  receive  parts  in  good  working  condition. 

Population  of  printed  circuit  boards  (PCBs)  is  often  done  with  automated  equipment.  Tape-and-reel,  tube, 
and  tray  shipping  materials  provide  a  format  of  presentation  to  this  equipment  which  allows  standardization, 
repeatability  and  efficiency  of  operation.  These  same  carriers  can  be  used  at  the  manufacturer  s  assembly  and  test 
floor  giving  a  means  of  handling  the  singulated  parts. 

There  are  three  basic  levels  of  packing  for  semiconductors.  The  first  level  is  where  individual  parts  are 
loaded  into  tubes,  trays,  tapes,  and  carriers.  The  second  level  involves  the  boxes  and  bags  storing  those  tubes,  trays, 
tapes,  and  carriers.  Finally,  the  third  level  represents  the  shipping  container.  The  most  intricate  and  varied  of  the 
three’levels  is  the  first  level.  First  level  packing  components  also  double  as  carriers  for  the  parts,  and  many  meet 
automated  handling  requirements. 

6.2  Immediate  Containers 

Many  factors  influence  the  choice  of  which  format  of  first  level  packing  to  use.  frays,  tubes,  tape-and-reel, 
and  individual  packs  are  among  those  available.  The  sensitivity  to  lead  bending,  the  temperatures  to  be  experienced, 
and  the  end  use  of  the  parts  all  need  to  be  considered  when  choosing  a  packing  system.  The  Joint  Electronic  Device 
Engineering  Council  (JEDEC),  the  Electronic  Industries  Association  (EIA),  and  the  Electronic  Industries 
Association  of  Japan  (EIAJ)  have  standards  that  apply  to  these  first  level  packing  formats.  Each  type  of  first  level 
packing  vessel  will  now  be  described. 

6.2.1  Tubes 

As  with  most  first  level  packing  systems  for  semiconductors,  tubes  are  made  of  anti-static  material,  or  are 
coated  with  such  material,  to  resist  ESD  damage.  The  tube  material  is  low  temperature  plastic  which  melts  at 
approximately  60°C  and  must  be  handled  and  stored  accordingly.  Flat  tubes  and  coin  stack  tubes  are  commonly 
used  for  surface  mount,  SMT,  devices  and  packages  requiring  unit  carriers.  Rail  tubes  are  used  for  dual-in-line 
packages. 

Pin  #1  of  the  devices  loaded  into  tubes  have  known  orientation  which  is  beneficial  for  automated  PCB 
loading.  The  tube  ends  and  stopper  pins  are  fit  such  that  very  little  movement  of  parts  is  possible  in  the  tube 
minimizing  damage.  Often  extra  devices  are  shipped  with  the  order  to  fill  all  the  tubes. 

6.2.2  Trays 

More  delicate,  often  high  lead  count,  packages  are  loaded  into  trays.  Each  part  has  its  own  cavity  and  no 
interference  from  neighboring  parts  can  inflict  damage  on  each  other.  Thin  quad  flat  packs  (TQFPs),  thin  standard 
outline  packages  (TSOPs),  and  high  lead  count  plastic  leaded  chip  carriers  (PLCCs),  are  most  often  shipped  in  trays. 
Other  devices  are  loaded  in  trays  as  needed  by  the  customer. 

Trays  are  made  of  anti-static  material  or  are  coated  to  resist  ESD  damage.  Trays  conform  to  JEDEC 
standards  which  make  them  interchangeable  from  different  suppliers.  The  trays  are  stackable  conserving  on  space. 
A  stack  of  loaded  trays  will  have  an  empty  tray  on  the  top  to  act  as  a  cover.  Trays  are  suitable  for  presentation  to 
many  automatic  PCB  loading  machines.  Trays  are  available  in  two  temperature  ranges.  Lower  temperature  trays 
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are  less  expensive  but  melt  over  70°C.  High  temperature  trays  are  good  to  approximately  150°C.  High  temperature 
trays  may  be  used  for  parts  which  need  baking  to  dry  as  part  of  the  pack  and  ship  process.  Bake  temperatures  are 
approximately  120°C.  If  a  low  temperature  tray  is  baked,  it  will  melt  resulting  in  all  parts  lost.  Alternately  parts 
may  be  transferred  to  metal  carriers  for  bake  and  transferred  back  to  the  low  temperature  tray,  tube,  etc.  Pin  #1  of 
the  devices  are  located  at  some  known  comer  or  side  of  the  tray  site. 

6.2.3  Tape-and  Reel 

Devices  are  packed  in  tape-and-reel  format  to  accommodate  the  PCB  loading  equipment  which  handles 
tape-and-reel.  This  format  provides  the  densest  loading  for  automated  PCB  loading  equipment.  Some  machines  can 
handle  up  to  150  different  reels.  Standards  apply  to  tape-and-reel  format. 

Devices  are  loaded  into  cavities  in  the  carrier  tape  which  is  then  sealed  with  a  clear  plastic  protective  cover 
enabling  device  verification.  The  loaded  tape  is  wound  onto  plastic  reels  for  labeling  and  packing.  All  materials  are 
anti-static  to  protect  against  ESD  damage.  Tape-and-reel  packs  are  generally  made  of  low  temperature  material. 
Tape-and-reel  holds  more  parts  per  pack  than  any  of  the  other  first  level  packing  systems  and  is  the  most  expensive. 
Only  surface  mount  devices  (SMT)  are  loaded  in  tape-and-reel  format  as  these  devices  are  the  only  ones  used  with 
that  type  of  automated  PCB  loading  equipment, 

6.2.4  Individual  Packs 

Also  known  as  '‘blister  packs”,  individual  packs  are  usually  used  for  filling  smaller  orders.  Individual 
packs  hold  10  to  15  devices  per  strip  depending  on  the  parts.  Made  of  clear  anti-static  plastic,  separate  cavities  are 
linked  together  in  a  strip.  Often  anti-static  pads  are  packed  with  the  devices  tor  added  protection. 

Table  6-1  lists  the  different  types  of  first  level  packing  available  in  the  industry. 

Table  6-1:  Comparison  of  the  various  types  of  packing  options 


. . .  . . 

Tubes 

Trays 

Tape-and-Reel 

Individual  Packs 

Package  Type 

DIP*,  PLCC, 
SO**.  PQFP 

PQFP.  PPGA*** 
PLCC 

PLCC,  SO 

PLCC,  PQFP 

High  Temperature  Option? 

No 

Yes 

No 

Yes 

ESD  Protection? 

Yes 

Yes 

Yes 

Yes 

Compatible  with 
Automatic  Equipment? 

No 

Yes 

Yes 

No 

Material 

PVC,  (Polyvinyl¬ 
chloride) 

PVC,  High 
temperature 

PVC 

Polystyrene 
&  Polyester 

*  DIP:  Dual-in-line  package;  **  SO:  Standard  Outline;  ***  PPG  A:  Plastic  Pin  Grid  Array 


6.3  Intermediate  Containers 

The  packing  containers,  tubes,  tape-and-reel,  trays,  and  carriers  described  previously  go  into  intermediate 
containers  for  shipping.  Intermediate,  or  second  level,  packing  includes  bags  and  boxes.  A  specified  number  of 
immediate  containers  may  be  packed  into  these  bags  or  boxes.  The  main  concerns  of  second  level  packing  are:  1. 
keeping  moisture  out;  2.  ESD  protection;  3.  labeling  and  identification;  and,  4.  space  efficiency  and  stackability. 


6.3.1  Bag  Packing 

Moisture  absorbed  in  a  plastic  package  can  cause  cracking  if  the  device  is  exposed  to  high  temperature 
gradients  and  the  ratio  of  die  size  to  package  size  is  relatively  high.  This  phenomenon  is  commonly  referred  to  as 
“popcorning”  or  the  “popcorn  effect.”  These  high  temperature  gradients  are  common  to  the  board  loading  processes 
of  surface  mount  technology  devices.  Vapor  phase  reflow  and  infrared  reflow  of  parts  mounted  on  the  boards 
expose  the  parts  to  high  temperature  gradients.  Many  PQFPs,  PLCCs,  TSOPs,  and  some  SSOPs  (Shrink  Small 
Outline  Packages),  especially  in  high  lead  counts,  are  susceptible  to  this  cracking.  All  packages  should  be  evaluated 
for  sensitivity  to  this  costly  mode  of  yield  loss. 
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Dry  packing  of  parts,  after  a  dehydration  bake,  insures  that  parts  reach  customers  with  a  very  low  moisture 
content.  Measured  in  %  relative  humidity  (RH),  moisture  content  never  gets  above  30%  RH  and  usually  is  closer  to 
1%,  when  standard  dry  packing  procedures  are  followed.  Dry  packing  incorporates  the  moisture  barrier  bags  to 
keep  moisture  out,  desiccant  packets  to  absorb  moisture,  and  moisture  indicator  cards  to  give  the  level  of  moisture, 
in  %  humidity,  by  changing  color  relative  to  a  color  code. 

Parts  are  usually  guaranteed  to  be  below  some  manufacturer  specified  relative  humidity,  e.g.  30%,  for  some 
specified  period  of  time  such  as  one  year  based  on  specified  ambient  storage  conditions,  e.g.  <  90%  RH  at  <  40°C. 
After  this  period  of  time  has  passed,  parts  need  to  be  baked  if  the  humidity  indicator  card  reveals  that  a  specified  RH 
has  been  exceeded.  The  parts  should  be  mounted  within  some  specified  time,  again  given  by  the  manufacturer,  or 
dry  packed  for  continued  storage. 

In  compliance  with  MIL-Std  8I705B,  type  2,  the  moisture  barrier  bag  usually  consists  of  four  layers. 
Layer  1  is  an  inner  layer  of  anti-static  plastic,  layer  2  is  an  aluminum  foil,  layer  3  is  made  of  low  density 
polyethylene,  and  layer  4  is  an  outer  sheet  of  anti-static  plastic.  Different  bag  sizes  are  made  for  tubes,  trays, 
carriers,  and  reels.  The  bags  are  sealed  with  impulse  heat  bag  sealers  at  some  specified  temperature  and  time. 
Specifications  and  standards  which  apply  to  dry  bagging  include: 

«  MlL-Std-8 1 705B,  type  2,  bag  construction, 

®  Federal  standard  101,  method  2017,  specifies  the  water  vapor  transmission  rate  of  the  composite  bag. 

•  Federal  standard  101,  method  2065,  specifies  puncture  resistance. 

®  M1L-Std-3464D,  type  2,  desiccant  material. 

Other  concerns  with  the  bags  include: 

®  BSD  protection  -  this  is  afforded  by  the  bag  anti-static  layers. 

®  Bursting  strength  should  be  tested  and  specified. 

®  Tensile  strength  of  the  bags  should  be  tested  and  specified. 

®  Temperature  range  of  the  bag  material  should  be  tested  and  specified. 

Non  dry  pack  bags  are  also  available.  These  bags  give  an  added  layer  of  protection  from  the  environment 
without  the  added  cost  of  the  composite  moisture  bander  bags.  These  bags  are  generally  made  of  an  anti-static 
material  such  as  carbon- impregnated  polyvinyl  chloride  to  give  added  ESD  protection, 

6.3.2  Boxes 

Dry  packed  and  non  dry  packed  tubes,  trays  reels,  and  carriers  are  packed  into  boxes  to  add  protection, 
provide  more  efficient  handling  and  storage,  order  grouping,  and  enhanced  labeling  efficiency.  Different  box  sizes 
are  used  depending  on  the  immediate  packing  system,  tubes  or  trays  etc.,  and  the  size  of  the  order.  The  following 
boxing  strategies  are  listed  by  the  immediate  packing  device: 

®  Tubes  -  Loaded  into  long,  top  loading  boxes,  the  tubes  may  be  boxed  as  is  or  in  dry  packed  bags.  Many 
long  top  loading  boxes  will  fit  into  one  larger  end  loading  box.  Pin  #1  of  devices  in  these  boxes  will  be  situated 
towards  the  labeled  end  of  the  box.  Anti-static  bubble  pack,  which  is  clean  and  environmentally  sound,  is  used  to 
fill  voids  in  boxes  left  from  incomplete  filling,  etc. 

°  Travs  -  As  with  tubes,  both  dry  packed  and  non  dry  packed  trays  are  boxed  for  shipping.  Trays  are 
stacked  with  an  empty  tray  acting  as  a  cover,  wrapped  in  anti-static  bubble  pack,  and  inserted  into  the  box.  Pin  #1  is 
situated  towards  the  labeled  end  of  the  box. 

“  Tape-and-Reel  -  Dry  packed  and  non  dry  packed  tape-and  reel  systems  are  boxed  for  shipping.  Within  a 
large  box  of  tape-and-reels,  independently  boxed  reels  are  separated  by  corrugated  cardboard  sheets. 


6.4  Labeling 
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Labels  are  both  machine  and  human  friendly.  Information  such  as  lot  number,  device  number,  quantity, 
etc.,  are  written  in  English  and  on  bar  codes.  ElA  standard  556  applies  to  the  proper  use  of  bar  codes.  The  label 
also  helps  to  designate  where  pin  #1  is  located  for  tube  and  tray  boxes.  ESD  and  moisture  warnings  may  also  be 
attached  to  boxes  as  appropriate. 
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Scope  of  Program 


The  goal  of  this  program  is  to  develop  a  set  of  Military  specifications  for  commercially  available  epoxy 
molding  compounds  (EMC).  These  specifications  are  to  be  applicable  to  state-of-the-art  EMCs  currently 
being  offered  by  leading  EMC  manufacturers  for  encapsulation  of  semiconductor  devices  by  the  transfer 
molding  process.  Representative  EMCs  conforming  to  these  specifications  will  be  provided  to  demonstrate 
their  suitability  for  use  by  the  Military.  However,  it  is  not  within  the  scope  of  this  program  to  develop  new 
or  exotic  EMCs  specifically  for  Military  use  or  to  provide  detailed  EMC  formulations. 

SUMMARY 

Five  Plaskon  EMCs  representative  of  state-of-the-art  commercially  available  epoxy  encapsulants  for 
semiconductor  devices  were  selected  for  this  program.  These  consisted  of  a  standard  EMC,  an  ultra  low 
stress  version,  higher  reliability  versions  of  these  two  and  an  antipopcom^  compound.  The  two  high 
reliability  analogs  were  formulated  using  low  chloride  resins  and  specific  ion  scavengers.  The  improved 
reliability  of  these  analogs  was  confirmed  by  High  Temperature  Storage  (HTS)  and  Highly  Accelerated 
Storage  Test  (HAST)  studies. 

Production  quantities  of  the  five  chosen  EMCs  were  submitted  to  National  Semiconductor  for  molding  and 
reliability  testing  on  select  devices.  Concurrently,  Plaskon  characterized  each  of  these  EMCs  for  chemical, 
electrical  and  mechanical  properties.  The  characterization  data  were  then  compared  to  NSC  reliability  test 
data  for  correlation.  The  comparison  of  data  confirmed  correlation  between  reduced  low  levels  of 
halogens  in  the  EMCs  and  device  reliability . 

Proposed  specifications  were  written  for  each  of  the  EMC  use  categories  and  are  included  with  this  report. 

EMC  GENERIC  FORMULATION 

EMCs  described  in  this  report  and  covered  by  the  proposed  Military  specifications  are  thermosetting  epoxy 
polymers  of  the  following  generic  composition: 


Table  1 


Ingredient 

Percentage 
By  weight 

Epoxy  resin 

10-20 

Phenol  novolac  hardener 

5-15 

Accelerator 

<  1.0 

Silica  filler 

60-80 

Brominated  Flame  retardant 

0.50-2.0 

Antimony  oxide 

0.50-3.0 

Carbon  black 

<  1.0 

Synthetic  wax 

<2.0 

Coupling  agent 

<  l.O 

Stress  absorber  (optional) 

Q 

1 

O 

The  transfer  molding  process  by  which  these  EMCs  are  used  to  encapsulate  semiconductor  devices  is 
shown  in  Fig  1 .  Basically,  the  process  consists  of  preheating  a  preform  or  pellet  of  EMC,  transferring  it 
under  pressure  into  a  heated  mold,  allowing  it  to  cure  for  0.5  -  3.0  minutes  and  demolding  the  finished  part. 
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Prefomi 


Dielectric 

Preheat 


Fig  .1 

EMC  Molding  Process 


SELECTION  OF  BASELINE  FORMULATIONS  (Task  2.1) 


Two  EMCs  were  selected  from  Plaskon’s  list  of  commercially  available  molding  compounds  to  be  baseline 
formulations.  The  main  criterion  used  in  selection  of  baseline  formulations  was  the  use  and  acceptance  of 
these  EMCs  for  their  intended  applications  by  leading  semiconductor  manufacturers. 

Plaskon  3400  was  selected  as  being  representative  of  typical  EMCs  used  to  encapsulate  low  to  moderate 
lead  count  semiconductor  devices  and  discrete  electronic  components.  Typical  applications  include  14/16, 
24  &  64  lead  DIPs,  SIPs,  resistor  networks,  thermistors,  transistors  and  diodes.  Plaskon  3400  and  other 
compounds  of  this  type  are  known  for  having  excellent  moldability  over  a  wide  range  of  processing 
conditions  together  with  excellent  electrical,  chemical  and  physical  properties.  The  reliability  performance 
of  3400  on  devices  for  which  it  is  intended  is  excellent. 

Plaskon  ULS-12H  was  selected  as  being  typical  of  very  low  stress  EMCs  used  to  encapsulate  stress 
sensitive  devices  such  as  large  die,  fine  pitch  TSOPs,  PLCCs  and  QFPs.  The  low  stress  of  ULS-12H  is  the 
result  of  a  combination  of  low  coefficient  of  thermal  expansion  (CTE)  and  low  flexural  modulus.  The  low 
thermal  expansion  reduces  stress  by  minimizing  the  difference  in  CTE  between  the  mold  compound  and  the 
silicon  die  of  the  device.  The  low  modulus  allows  some  yield,  thereby  absorbing  some  of  the  stress. 

The  industry  accepted  estimation  of  stress  characteristics  of  an  EMC  is  Stress  Index.  Stress  Index  is  the 
mathematical  product  of  alpha  1  in  ppm/°C  (CTE  below  glass  transition  temperature,  Tg)  of  the  EMC  and 
its  flexural  modulus  in  Mpsi. 

Stress  Index  =  CTE  (alpha  1)  X  Flexural  modulus 

(ppm/°C)  (Mpsi) 

By  today's  standards,  an  EMC  can  be  classified  as  low  stress  when  its  Stress  Index  is  below  35. 
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Table  2  lists  typical  properties  of  the  two  baseline  compounds  selected  for  this  program. 

Table  2 


Physical  Prooerties 

Plaskon  3400 

Plaskon  ULS-12H 

Spiral  flow,  in 

35 

32 

Ram  follower  gel,  sec 

18 

15 

Viscosity  (orifice),  PaS 

10 

5.5 

Specific  Gravity 

1.83 

1.88 

Ash  content,  % 

71.8 

78 

Hydrolyzable  chlorine,  ppm 

<  10 

<  1 

Flammability,  UL  94V0,  in. 

1/8 

1/8 

Thermal  properties 

Glass  transition  temperature(Tg)°C 

Linear  thermal  expansion 

155 

168 

Alpha  1 ,  ppmy°C 

20 

12.5 

Alpha  2,  ppni/°C 

Thermal  conductivity 

62 

65 

caI/cm-sec-°C  x  lOE-4 

16 

17 

Mechanical  Properties 

Flexural  strength,  Kpsi 

18 

15.5 

Flexural  modulus,  Mpsi 

2.2 

2.05 

Shore  D  Hardness  @  177°C,  min. 

70 

80 

Stress  Index 

44 

26 

Electrical  Prooerties 

Dielectric  constant,  1  KHz 

3.8 

3.8 

Dissipation  factor,  1  KHz 

0.002 

0.002 

Arc  resistance,  seconds 

180 

180 

REVIEW  OF  COMMERCIAL  SPECIFICATIONS 
FOR  EMCs  (Task  2.2) 

Plaskon  internal  EMC  specifications,  specifications  from  other  key  EMC  suppliers  and  available 
procurement  specs  from  semiconductor  manufacturers  were  reviewed  with  an  aim  toward  identifying 
important  properties  characterizing  various  grades  of  epoxy  molding  compound.  In  general,  EMC 
properties  for  which  limits  were  established  were  essentially  the  same  for  like  grades  of  epoxy  regardless  of 
the  supplier. 

Engineers  from  five  US  Semiconductor  manufacturers  were  surveyed  by  telephone  to  determine  how 
suppliers  to  the  Military  of  ceramic  and/or  plastic  electronic  parts  handle  EMC  qualifications  and 
specifications.  Here  are  a  few  key  responses  from  that  survey: 

®  Ionic  purity  as  determined  by  water  extract  conductivity  and  ion  chromatography  is  an  important 
indicator  of  device  reliability  performance. 

»  Flame  retardant  levels  (bromine)  are  minimized  for  optimum  HTS  reliability. 

®  None  of  the  respondents  knew  of  any  device  field  failures  directly  traceable  to  plastic 
encapsulants. 
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e  Extensive  fenctiomiaS  reltabiSity  testing  is  required  for  qualification  of  plastic  encapsulants  but 
device  reliability  tests  are  not  usually  included  in  mold  compound  specifications. 

Typical  EMC  User  Qualification  Tests 

Moldability  Pressure  pot ,  1 5  psiV  1 26°C 

Wire  sweep  Tbermal  shock,  "65  C  to  ■f*  150  C 

Void  level  HAST,  130°C  /  85%  RH 

Mark  permanency  HTS,  175°C  /  200  hrs 

Wire  bond  pull  strength  Package  crack  &  delamination  after^ 

Line  movement  Preconditioning,  85%  RH  /  85  C  and 

Board  adhesion  Solder  reflow,  215-235  C 

An  example  of  typical  EMC  properties  and  limits  specified  in  a  semiconductor  manufacturer’s  procurement 
specification  for  a  standard  grade  epoxy  encapsulant  is  shown  in  Table  3. 

Table  3 

Typical  EMC  Procurement  Specification 

Property 

Spiral  flow ,  cm 
Ram  follower  gel  time,  sec 
Thermal  expansion 

alpha  1,  ppm/°C  max. 
alpha  2,  ppm/°C  max. 

Glass  transition  temperature,  °C  min 
Ash  content,  % 

Nitrogen  content,  ppm 
Water  extract  conductivity,  pmhos/cm,  max. 

Extractable  Cl,  ppm,  max. 

Extractable  Na,  ppm,  max. 

Extractable  K,  ppm,  max. 

Hydrolyzable  halides,  ppm,  max. 

Total  bromine,  % 

Total  antimony,  % 

Flammability  (UL  94  VO),  1/8” 

EMC  suppliers  are  usually  required  to  furnish  a  certificate  of  analysis  for  all  or  most  ol  the  properties  listed 
in  the  procurement  specification  for  each  lot  shipped. 

Based  on  all  the  information  gathered  on  EMC  specification  requirements,  the  following  template  is 
recommended  as  a  guideline  in  writing  EMC  specifications. 


60-90 

15-25 

25 

75 

150 

70-72 
400  -  455 
20 
25 
25 
10 
50 

0.60-0.90 
1.0-  1.5 
pass 
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Moldability 

Spiral  flow 

Ram  Follower  Gel  Time 
Hot  Hardness 
Flash  &  Bleed 
2  mil  Channel 
0.25  mil  Channel 

Thermal  Properties 
Coefficient  of  Thermal  Expansion 
Alpha  1 
Alpha  2 

Glass  Transition  Temp.  (Tg) 
Flammability 

Physical  Properties 
Flexural  Strength 
Flexural  Modulus 
Specific  Gravity 
Moisture  Absorption 
Ash  content 
Viscosity 

Electrical 
Dielectric  Constant 
Dissipation  Factor 
Volume  Resistivity 

Analytical 

Water  Extract  Conductivity 
pH  of  Extract 
Extractable  Sodium 

Potassium 

Chlorine 

Bromine 

Iron 


Total  Antimony 
Total  Bromine 


Table  4 


1C  Specification  Template 


Method 


Conditions 


Units 


SEMI  Gil 


SEMI  Gil 


Shore  D 


SEMI  G45 


175°  C/1000  psi 


inches 


175°C/1000  psi 


seconds 


175°C  (90  seconds) 


175°  C/1000  psi 


millimeters 


millimeters 


SEMI  G 13 


UL-94 


Post  cure 


4hrs/175°C 


ppm/°C 


ppm/°C 


Degree  C 


1/8"  thickness 


ASTM  D790 


ASTMD790 


ASTM  D792 


Room  Temp. 


Kpsi 


Room  temp. 


Mpsi 


IPC-SM-786A 


ASTM  D2584 


ASTM  D3835 


Level  1 


Percent 


650°  C 


Percent 


1 75°  C/ 1000  psi 


Poise 


ASTM  D 149 


ASTM  D 149 


1  KHz/room  temp 


1  Khz/  room  temp 


ASTM  D257 


Room  temp. 


Ohm-cm 


SEMI  G29 


48  hrs/121°C 


p  mhos/cm 


ppm 


ppm 


ppm 


ppm 


ppm 


X-ray  fluorescence 


Percent 


X-ray  Fluorescence 


Percent 
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RATIONALE  FOR  SPECIFICATION  ITEMS  (Task  22) 

The  rationale  for  selection  of  the  EMC  properties  listed  in  the  Template  (Table  4)  involves  consideration  of 
moldability,  reliability  and  lot  to  lot  consistency. 

Properties  important  to  overall  moldability  include  spiral  flow  ,  gel  time,  hot  hardness  ,  flash  &  bleed  and 
viscosity.  Spiral  flow,  gel  time  and  viscosity  dictate  the  process  window  for  mold  fill  and  cycle  time.  Hot 
hardness  development  is  essential  to  assuring  molded  runner  &  part  integrity  during  demolding  and 
ejection  Low  to  moderate  viscosity  of  the  molten  EMC  is  needed  for  proper  cavity  fill  and  minimal 
movement  of  bonding  wires  .  Flash  &  bleed  deposits  on  leadframes  or  mold  land  surfaces  are  difficult  to 
remove  and  must  be  controlled. 

Reliability  of  EMCs  is  assured  by  control  of  properties  affecting  stress,  metal  movement  (wire  sweep  & 
line  movement) ,  generic  leakage,  intermetallic  formations  and  corrosion.  Thermal  expansion  of  EMC  is 
designed  to  be  as  close  as  possible  to  the  metal  components  of  the  encapsulated  device  to  prevent  cracking 
due  to  mismatches  in  expansion.  Flexural  strength  and  modulus  give  a  good  indication  of  toughness  and 
the  ability  to  yield  under  stress  without  cracking.  Water  extract  conductivity  and  determination  of  specific 
ions  gives  a  good  indication  of  the  potential  for  liberation  of  free  ions  which  can  corrode  the  metal  circuitry 
or  cause  intermetallic  formation  and  ball  bond  failure.  Dielectric  constant,  dissipation  factor  and  volume 
resistivity  are  standard  electrical  properties  which  are  used  to  characterize  the  electrical  insulating 
properties  of  EMC  and  can  also  give  an  indication  of  generic  leakage  potential. 

Moisture  absorption  is  another  important  EMC  property  which  must  be  included  in  any  EMC  specification. 
High  moisture  levels  are  associated  with  voids  in  molded  parts,  increased  mold  staining  and  popcorn 
cracking.  Flammability  is  also  a  property  which  must  be  controlled  along  with  the  amount  of  the  bromine 
flame  retardant.  Excessive  bromine  is  known  to  cause  wire  bond  failure  at  high  temperature. 


One  potential  reliability  problem  with  devices  encapsulated  in  plastic  is  corrosion  of  the  metallization  due 
to  attack  by  ionic  halogens  in  the  epoxy  molding  compound.  The  main  source  of  potentially  mobile 
chloride  ions  is  the  base  epoxy  resin.  The  synthesis  of  epoxy  cresol  novolac  resin  (ECN)  involves  the 
epoxidation  of  cresol  novolac  resin  with  epichlorohydrin  followed  by  a  dehydrohalogenation  step. 
Incomplete  dehydrohalogenation  results  in  the  formation  of  chlorohydrin  species  which  can  hydrolyze  to 
release  corrosive  chloride  ions.  Today’s  ECN  resin  typically  will  contain  600-850  ppm  total  chlorine,  less 
than  1/2  of  which  is  considered  hydrolyzable. 

Device  failure  under  extreme  moisture  stress  such  as  HAST  is  usually  the  result  of  bond  pad  corrosion  . 
This  is  a  self-sustaining  reaction  as  follows: 

Al  +  4Cr  - >  ALCl4‘ +  3e 

2  ALCIT  +  6H2O  -— >  2AI(0H)3  -f  6H^  +  8Cr 

Obviously,  one  method  of  improving  reliability  is  by  simply  using  lower  chloride  epoxy  resins.  The 
beneficial  effects  of  lower  chloride  to  device  performance  in  HAST  &  HTS  is  shown  in  the  following 
graphs  (fig  2  &  3). 
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Low  Chloride  Epoxy  Resin  Improves  High  Temperature  Storage  Chloride  Epoxy  Resin  Improves  HAST  Performance 


{  oi  Hours  Exposed 


Another  method  of  enhancing  reliability  is  the  use  of  ion  scavengers.  This  technology  is  well  known  to 
epoxy  formulators  and  has  been  reported  in  numerous  publications.^  Basically,  a  scavenger,  getter  or  ion 
exchanger  is  a  substance  used  to  capture  and  inactivate  free  ions.  There  are  a  variety  of  scavengers 
available,  each  with  unique  anion  or  cation  capturing  ability. 

Ion  Scavenging  Example 

M(0H)3  +  HX  - >  M(0H)2X+  H2O 


M  =  Metal  X  =  Halogen 


Figures  4  &  5  show  HAST  &  HTS  improvement  as  the  result  of  incorporating  ion  .scavengers  in  standard 


EMC. 


Fig  4 


Fig  5 


Ion  Scavengers  Improve  EMC  HAST  Performance 


Ion  Scavengers  Improve  EMC  HTS  Performance 


The  review  of  pertinent  literature  and  Plaskon’s  data  base  confirms  that  the  best  method  of  improving 
EMC  reliability  performance,  without  resorting  to  expensive  or  exotic  approaches,  is  to  formulate  with  low 
chloride  ECN  resins  together  with  the  appropriate  ion  scavengers. 


Verification  of  Reliability  Improvement, 

New  laboratory  studies  verified  the  anticipated  improvement  in  reliability  resulting  from  the  use  of  high 
purity  ECN  and  scavengers.  In  addition,  work  was  done  to  evaluate  the  effects  on  reliability  of  different 
calalyst  and  bromine  types.  Another  study  compared  3400  with  and  without  flame  retardant. 

Table  5  shows  the  design  and  all  characterization  data  for  an  experiment  comparing  Plaskon  3400  with 
analogs  containing  high  purity  resins,  getters,  different  bromine  sources  and  different  catalysts.  These  data 
show  very  little  difference  between  the  five  formulations  except  for  a  lower  glass  transition  temperature  for 
compounds  D  and  E  which  contain  an  alternate  catalyst.  Suprisingly,  there  is  very  little  difference  in  water 
extract  conductivity  and  extractable  chlorine  between  those  with  and  without  low  chloride  resins  and  ion 
scavengers.  However,  HAST  &  HTS  results  shown  in  figures  6  &  7  clearly  show  definite  improvement  in 
reliability  for  the  analogs  containing  low  chloride  resin  and  scavengers. 

Table  6  is  an  experiment  designed  to  compare  ULS-12H  with  analogs  containing  low  chloride  epoxy  and 
ion  scavengers.  The  data  indicate  no  difference  between  these  except  for  longer  flow  &  gel  for  compounds 
C  &  D  which  contain  ion  scavengers.  Figures  8  &  9  again  clearly  show  improvements  in  both  HAST  & 
HTS  for  those  formulations  containing  low  chloride  resins  and  ion  scavengers. 

Table  7  shows  the  design  &  data  for  an  added  experiment  to  study  the  effects  of  bromine/antimony  flame 
retardants  on  reliability.  Graphs  of  reliability  data.  Figs  10  &  11,  show  little  difference  in  HAST 
performance  between  the  flame  retarded  and  non  flame  retarded  formulations  but  a  tremendous  difference 
in  200°C  HTS.  This  experiment  clearly  demonstrates  the  negative  effects  of  flame  retardants  on  HTS  . 
Indeed,  M.  Nakao  et  al.  describe  the  phenomenon  of  free  bromide  ions  causing  wire  bond  failure  at  high 
temperatures  due  to  intermetallic  alloy  formation.  It  is  obvious  that  if  bromine/antimony  flame  retardants 
are  used,  the  amount  of  each  should  be  minimized  and  controlled  by  specification  . 
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Table  5 


PLASKON  3400  &  ANALOGS 
CHARACTERIZATION  DATA 


A 

B 

C 

D 

E 

Epoxy  Purity 

Norm 

High 

High 

High 

High 

Ion  Scavenger 

No 

Yes 

Yes 

Yes 

Yes 

Bromine  Type 

A 

A 

B 

A 

B 

Catalyst  Type 

X 

X 

X 

Y 

Y 

Spiral  Flow,  in. 

29 

35 

33 

38 

36 

RFGT,  sec 

19 

25 

26 

25 

24 

Hot  Hardness  @  90  sec 

84 

70 

73 

70 

69 

Flash  &  Bleed 

3  mil,  mm 

9 

8 

10 

9 

9 

2  mil,  mm 

3 

3 

3 

4 

3 

1  mil,  mm 

2 

2 

2 

3 

2 

0.5  mil,  mm 

2 

2 

2 

3 

2 

0.25  mil,  mm 

2 

3 

2 

3 

3 

Thermal  Expansion 

CTE  Alpha  1 ,  ppm 

21 

23 

22 

21 

21 

CTE  Alpha  2,  ppm 

63 

65 

62 

65 

62 

Tg,°C 

159 

153 

158 

137 

136 

UL  94  VO,  1/8  in. 

Flame  out  Time,  sec 

14 

11 

14 

17 

18 

Flex  Strength,  Kpsi 

17 

17 

17 

18 

17 

Flex  Modulus,  Mpsi 

2.1 

2.1 

2.2 

2.2 

2.3 

Specific  Gravity  (g/cc) 

1.8 

1.8 

1.8 

1.8 

1.8 

Filler  Content,  % 

71.9 

71.9 

71.9 

71.9 

71.9 

Viscosity,  PaS  (175°C) 

12 

10 

12 

9 

13 

Flow  Rate,  mls/sec(175°C) 

1.0 

1.0 

0.9 

1.2 

0.9 

Dielectric  Constant 

3.52 

3.47 

3.41 

3.67 

3.54 

Dissipation  Factor 

0.003 

0.004 

0.003 

0.004 

0.003 

Volume  Resistivity 
(ohm-cm  x  10 

3.3 

1.8 

1.2 

1.7 

2.1 

Water  Extract  (1.5  hr  @  100°C) 
Conductivity,  p,mhos-cm 

34 

35 

44 

20 

59 

Extractable  Na,  ppm 

20 

27 

23 

29 

37 

K,ppm 

17 

1 

1 

2 

8 

Cl,  ppm 

3 

<  1 

<1 

<  1 

3 

Br,  ppm 

4 

2 

3 

2 

3 

(9) 


Hours  of  Exposure 


Fig.  7 

Low  Chloride  Epoxy  &  Ion  Scavenger 
Improve  Plaskon  3400  HAST  Performance 


Hours  of  Exposure 


Table  6 


ULS  12H  &  Analogs 
CHARACTERIZATION  DATA 


A 

B 

C 

D 

Resin  Purity 

Norm 

High 

Norm 

High 

Ion  Scavenger 

No 

No 

Yes 

Yes 

Spiral  flow,  in 

33 

35 

42 

41 

Gel  Time,  sec 

Flash  &  Bleed 

15 

22 

30 

30 

3  mil,  mm 

18 

16 

19 

20 

2  mil,  mm 

3 

3 

3 

3 

1  mil,  mm 

2 

3 

3 

3 

0.5  mil,  mm 

2 

3 

3 

3 

0.25  mil,  mm 

Thermal  Expansion 

3 

4 

5 

4 

CTE  Alpha  1 ,  ppm 

13 

14 

15 

14 

CTE  Alpha  2,  ppm 

62 

62 

65 

64 

Tg,°C 

162 

165 

157 

160 

UL  94  VO  (1/8"),  sec 

16 

11 

15 

12 

Flex  Strength,  Kpsi 

17 

16 

16 

15 

Flex  Modulus,  Mpsi 

Volume  Resistivity 

2.1 

2.1 

2.1 

2.1 

(ohm-cm  x  10  +’5) 

2.4 

2.3 

2.3 

2.2 

Filler  content,  % 

77.4 

77.4 

77.4 

77.4 

Viscosity  @  175°C,PaS 

5.8 

4.6 

4.1 

4.3 

Row  rate,  mls/sec 

1.9 

2.3 

2.6 

2.4 

Specific  Gravity,  g/cc 

1.85 

1.83 

1.86 

1.85 

Dielectric  Constant 

3.61 

3.56 

3.53 

3.57 

Dissipation  Factor 

0.003 

0.003 

0.004 

0.004 
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Hours  of  Exposure 


Fig  9 


Low  Chloride  Epoxy  &  Ion  Scavengers 
Improve  PLASKON  ULS-12  HAST  Performance 


Table  7 


Standard  EMC 
No  Flame  Retardant 


Flame  Retardant 
Resin  Purity 
Ion  Scavenger 

Properties 
Spiral  flow,  in. 

Ram  Follower  Gel  Time,  sec 
Hot  Hardness  @  90  sec 
Flash  &  Bleed 
3  mil,  mm 
2  mil,  mm 
1  mil,  mm 
0.5  mil,  mm 
0.25  mil,  mm 
Thermal  Expansion 
Alpha  1 ,  ppm  /  °C 
Alpha  2,  ppm  /  °C 
Tg,  '’C 

UL  94  VO,  sec  (1/8”),  sec 
Rexural  Strength,  Kpsi 
Flexural  Modulus,  Mpsi 
Specific  Gravity(g/cc) 

Filler  Content  % 

Viscosity,  poise  @  175  °C 
Flow  Rate,  mls/sec 
%  Ash 

Dielectric  Constant 
Dissipation  factor 
Vol.  Resistivity,  ohm-cm  X  10+'5 
Water  Extract ,(  1.5  hr  @  100°C) 
Conductivity,  pmhos/cm 
Extractable  Na,  ppm 
K,ppm 
Cl,  ppm 
Br,  ppm 
Ca,  ppm 
pH  of  extract 


A 

B 

C 

D 

Yes 

No 

No 

No 

Norm 

Norm 

High 

High 

No 

No 

No 

Yes 

31 

30 

32 

33 

19 

17 

17 

17 

86 

84 

81 

84 

4 

5 

5 

5 

2 

2 

2 

2 

2 

2 

1 

1 

1 

1 

2 

2 

2 

2 

2 

2 

22 

23 

21 

22 

63 

67 

61 

61 

162 

164 

167 

167 

20 

F 

F 

F 

18 

17 

17 

17 

2.3 

2.3 

2.3 

2.3 

1.81 

1.78 

1.79 

1.79 

72 

72 

72 

72 

138 

130 

136 

120 

0.80 

0.81 

0.77 

0.88 

73 

73 

73 

73 

3.60 

3.65 

3.45 

3.61 

.003 

.004 

.003 

.003 

3.7 

3.9 

4.1 

3.7 

19 

24 

20 

31 

26 

26 

24 

31 

3 

3 

3 

6 

<1 

<1 

<1 

4 

1 

<1 

<1 

<1 

<1 

4 

7 

9 

3.8 

4.2 

4.5 

4.5 
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Hours  of  Exposure 


SELECTION  OF  AN  ANTIPOPCORN  EMC  (Task  3.2) 


A  fifth  EMC  type  chosen  for  inclusion  in  this  program  was  an  antipopcorn  compound,  Plaskon  X  9074.07. 
Popcoming  is  a  term  used  to  describe  packaging  cracking  of  electronic  devices  during  solder  reflow  or  dip  . 
This  type  of  package  cracking  is  the  result  of  pressure  exerted  by  moisture  absorbed  by  the  EMC  quickly 
converting  to  steam  at  solder  temperatures  of  210-260°C. 

Popcorn  cracking  is  a  problem  affecting  QFPs  ,TSOPs,  SOICs  and  other  surface  mount  devices.  At  the 
time  of  this  report,  there  was  no  EMC  available  which  would  completely  eliminate  popcorn  cracking  on  all 
devices.  In  many  cases,  semiconductor  manufacturers  have  to  bake  popcorn-susceptible  plastic 
encapsulated  surface  mount  components  at  125°C  to  drive  out  moisture  and  then  package  the  parts  in 
sealed  bags  with  desiccant  for  delivery  to  the  assemblers. 

The  mechanism  of  popcorn  cracking  is  shown  in  Fig  12.  A  standard  epoxy  molding  compound  will 
typically  absorb  moisture  up  to  its  saturation  point  of  0.4-0 .6%.  During  solder  reflow,  the  moisture  turns  to 
steam  thereby  exerting  pressure  on  the  bottom  of  the  die  pad  and  plastic.  This  pressure  causes  bulging  of 
the  plastic  which  leads  to  package  cracking. 

Fig  12 


1 

Moisture  Abscrption 


Package 

Deforms 


Solder  Reflow 
215“C-225°C 


\fipor  Collects 
Under  De  Pad 

4 

Cooling 


The  following  three  characteristics  of  Plaskon  X9074.07  contribute  to  reduced  potential  for  popcorn 
package  cracking  . 

®  Low  moisture  content  -  at  saturation  as  compared  to  0.4-0.6%  for 

standard  EMCs. 

®  Low  alpha  1  CTE  -  135  ppm  /°C  as  compared  to  >20  ppm  /°C  for  standard 
EMC 

•  High  flexural  strength  at  solder  reflow  temperatures  of  1.4  Kpsi  at  215  °C  as 
compared  to  <  1.0  Kpsi  for  standard  EMC. 
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X  9074  .07  Typical  Properties 


Spiral  flow,  @  177°C/1000  psi,  cm 

30 

Ram  follower  gel  time  @  177°C,  sec 

20 

Viscosity®  175°C,  poise 

60 

Mold  shrinkage,  in/in 

0.0025 

Flammability,  UL-94,  1/8” 

VO 

Moisture  absorption  85C/85%RH,  168  hr,  % 

0.28 

CTE,  alpha  l,ppm/°C 

13.5 

CTE,alpha2,ppm/°C 

45 

Glass  transition  temperature  (Tg),°C 

135 

Thermal  conductivity,  cal/cm-sec-°C  x  10""^ 

17 

Flexural  strength  @  21  °C,  Kpsi 

20 

Flexural  strength  @  215°C,  Kpsi 

1.4 

Flexural  modulus  @  2rC,  Mpsi 

3.0 

Flexural  modulus  @  215°C,  Kpsi 

100 

The  Institute  for  Interconnecting  and  Packaging  Electronic  Circuits  (IPC)  classifies  the  moisture  sensitivity 
of  surface  mount  components  as  follows: 


Table  9 
IPC-SM-786A 


Level 

Moisture 

Sensitivity 

Storage 

Floor  life 

Preconditioning  Moisture 

1 

None 

No  bag 

No  limit  @  30°C/85%  RH 

85°C/85%RH/  168  hrs 

2 

Limited 

Bag-f 

Desiccant 

1  Year  @  30°C/60%  RH 

85°C/60%RH/  168hrs 

3 

Sensitive 

Bag  + 
Desiccant 

1  Week  @  30°C/60%  RH 

30°C/60%RH/  168hrs  +  MTL* 

4 

Highly  Sensitive 

Bag+ 

Desiccant 

72  hrs  @  30°C/60%RH 

30°C/60%RH/72  hrs  +  MTL 

5 

Highly  Sensitive 

Bag+ 

Desiccant 

24  hrs  @  30'’C/60%  RH 

30°C/60%RH/24  hrs  -t-  MTL 

*  MTL  =  manufacturer’s  life  test,  typically  7-14  days 

Level  I  and  level  2  preconditioning  will  typically  result  in  moisture  saturation  of  EMC  encapsulated  parts. 
At  level  3  and  below,  EMC  will  become  only  partially  saturated.  The  chemistry  of  X9074.07  is  designed 
to  give  slow  moisture  diffusion  and  low  total  moisture  absorption  to  meet  the  recjuirements  of  level  2 
above  and  possibly  level  1 . 
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SUPPLY  OF  EMCS  FOR  NSC  RELIABILITY  TESTS  (Task  33) 


The  five  EMCs  selected  for  inclusion  in  this  program,  were  prepared  in  Plaskon’s  Singapore  manufacturing 
facility  under  close  supervision  of  Plant  engineers  and  the  Quality  Department.  Common  raw  materials 
used  in  the  five  compounds  came  from  the  same  lots.  The  method  of  production  and  processing  conditions 
were  the  same  for  the  baseline  compounds  3400  and  ULS-12H  and  their  high  reliability  analogs,  3400X 
and  ULS- 1 2HX.  Large  samples  of  the  five  compounds  were  shipped  under  refrigeration  to  National 
Semiconductor  for  device  testing  and  to  Plaskon  Research  for  material  characterization. 


TESTING  OF  EMC  PRODUCTION  COMPOUNDS 

Each  of  the  five  compounds  was  tested  for  those  properties  listed  in  the  proposed  specification  template. 
Table  4.  Test  results  for  all  items  except  water  extract  conductivity  are  listed  in  Table  10.  All  results  for 
the  baseline  compounds  and  X9074.07  were  within  manufacturing  specifications.  The  two  high  reliability 
analogs  of  the  baseline  compounds  gave  “as  expected”  results  of  longer  flow,  longer  gel  time,  lower  hot 
hardness  and  lower  Tg  than  the  baseline  compounds.  These  differences  are  the  result  of  cure  interference 
by  the  scavengers  used  in  the  formulations. 

Water  extraet  conductivity  test  results  are  shown  in  Table  1 1 .  The  test  method  used  was  SEMI  Standard  G- 
29  with  extraction  times  of  24  to  240  hours.  The  EMC  was  prepared  by  post  curing  spiral  flow  specimens 
for  4  hours  at  and  then  grinding  these  to  a  -40/+80  mesh  powder.  Parr  Bombs  were  used  for  the 

extraction  with  1.5  grams  of  powdered  EMC  and  15  milliliters  of  conductivity  water.  The  bombs  were 
sealed,  placed  in  an  oven  at  121  °C  (  15  psi)  and  then  removed  for  testing  at  each  of  the  testing  intervals. 
Separate  bombs  were  used  for  the  five  testing  times,  24 , 48, 96,  120  &  240  hrs.  A  Dionex  2020i  Ion 
Chromatograph  was  used  to  determine  specific  conductance,  pH  and  concentrations  of  specific  ions  and 
cations. 

It  was  anticipated,  based  on  Plaskon  internal  historical  data  and  input  from  semiconductor  engineers,  that 
the  water  extract  conductivity  test  would  be  capable  of  differentiating  between  standard  and  high  reliability 
EMC.  Furthermore,  data  from  Plaskon  failure  analysis  and  voluminous  literature  on  this  subject  points  to 
extractable  halogens  as  prime  culprits  in  device  reliability  failure.  Also,  as  expected  ,  the  extraction  tests 
show  much  lower  extractable  chlorine  and  bromine  for  the  3400X  and  ULS-12HX  analogs  as  compared  to 
the  baseline  compounds  3400  and  ULS-12H.  The  lower  chlorine  could  simply  be  the  result  of  using 
lower  chloride  epoxy  but  the  lower  bromine  has  to  be  due  to  the  action  of  the  scavenger.  The  lower 
chloride  and  bromide  of  the  “X”  high  reliability  versions  correlates  with  good  HAST  and  HTS  results 
shown  in  Figs  13  &  14. 

The  specific  conductance  values  from  the  WEC  test  do  not  seem  to  correlate  well  with  reliability.  In  fact, 
the  higher  reliability  analogs  have  higher  specific  conductance  indicating  more  mobile  ions.  The 
explanation  for  this  is  that  the  ion  scavenger  is  a  metal  salt  which  partially  ionizes  in  water  to  form  two 
ionic  species,  one  of  which  reacts  with  halogens  while  the  other  remains  mobile.  The  free  complex  ion 
from  the  scavenger  apparently  has  little  or  no  effect  on  device  reliability. 
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Characterization  of  EMCs 


Property 

3400 

3400X 

ULS-12e 

ULS42HX 

X9074.O7 

Lot  Number 

4G402 

4G401 

4G425 

4G424 

4G410 

Spiral  flow,  in. 

31 

36 

42 

44 

37 

Ram  Follower  Gel  Time,  sec 

19 

23 

24 

31 

21 

Hot  Hcirdness,  Shore  D 

Rash  &  bleed 

75 

70 

80 

50 

68 

3  mil,  mm 

52 

5.3 

7.9 

7.6 

12.6 

2  mil,  mm 

2.7 

2.9 

2.3 

2.3 

2.6 

1  mil,  mm 

Thermal  Mechanical  Analysis 

3.5 

4.1 

2.6 

2.6 

2.2 

Alpha  1  ,  ppm/°C 

22 

22 

14 

14 

14 

Alpha  2  ,  ppm/°C 

59 

56 

59 

59 

45 

Glass  Transition  (Tg),°C 

161 

151 

161 

152 

127 

Rammability,  UL-94  VO.  1/8” 

Pass 

Pass 

Pass 

Pass 

Pass 

Flexural  Strength,  Kpsi 

18.0 

18.7 

18.6 

16.1 

22.9 

Flexural  Modulus,  Mpsi 

22 

2.3 

2.1 

1.9 

32 

Energy  to  Break,  in-lb 

4.6 

4.8 

6.4 

5.2 

5.4 

Strain  at  break,  % 

0.88 

0.89 

1.10 

1.04 

0.80 

Specific  Gravity 

1.82 

1.82 

1.88 

1.88 

1.96 

Ash  content,  % 

72.7 

722 

78.2 

79.7 

81.7 

Viscosity,  poise  (175°C) 

68 

75 

74 

41 

79 

Elow  rate,  mls/sec 

1.6 

1.4 

1.4 

2.6 

1 .3 

Dielectric  Constant 

3.49 

3.59 

3.80 

3.71 

3.76 

Dissipation  Factor 

0.003 

0.003 

0.002 

0.004 

0.003 

A  special  low  chloride  ECN  resin  was  used  in  3400X  and  ULS-12HX,  the  higher  reliability  versions  of 
the  baseline  compounds  3400  and  ULS-12H. 

Here  is  a  comparison  of  the  properties  of  the  two  epoxy  cresol  novolacs  used  in  these  compounds. 

Standard  ECN  Low  Chloride  ECN 


Epoxy  equivalent  weight 
Total  Chloride,  ppm 
Hydrolyzable  chloride,  ppm 


194 

760 

390 


198 

400 

170 


Table  11 


Water  Extract  Conductivity 

(-40  /+  80  mesh  powder) 


Extraction  Conditions:  12rC  in  a  pressure  vessel 

1 ,5  grams  EMC  in  15  mis  high  purity  water 
Sample  Preparation:  Post  cured  4  hours  @  175°C 
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Failed 

Devices^Q_ 


Outperforms  3400  in  HAST 


145°C,  85%  RH 
301  Linear  OP  AMP 
30  volts  bias 


Compound 
Sample  To  NSC 


PLASKON 

3400 


PLASKON 

3400X 


150  300 


600  750  900 

Hours  of  Exposure 


Failed 
Devices  50  _ 


145”C,  85%  RH 
301  Linear  OP  AMP 
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Compound 
Sample  To  NSC 


Figure  14 


Y  ULS12-HX  Greatly 
ULS-12H  in  HAST 


PLASKON 

ULS12-H 


PLASKON 

ULS-12HX 


150  300 


elo  '  yio'  '  '  'icJso  '  lio  '  li 

Hours  of  Exposure 


Table  12  is  a  repeat  of  WEC  on  the  EMC  production  samples  using  minus  100  mesh  powder  instead  of 
-40/  +  80  mesh.  The  expected  results  was  more  extracted  ions.  However,  the  data  for  the  -100  mesh  did 
not  show  an  increase  in  ionic  content  but  did  show  greater  variability.  Based  on  these  results,  a  decision 
was  made  to  use  -40/  -H  80  mesh  powder  for  additional  testing  and  in  the  final  specifications. 

Table  13  is  WEC  results  for  the  three  control  compounds  used  by  NSC,  standard  EMCs  B8,  B 14  and  B-24 
a  low  stress  EMC.  Other  characterization  data  for  the  controls  are  listed  in  Table  14.  These  data  were  used 
in  the  correlation  of  EMC  properties  to  NSC  and  Crane  reliability  results. 


NSC  Control  EMCs 
Water  Extract  Conductivity 


Cation^^m  ’  ^  ^  ^  Anions,p^’‘' 


Ca 


56.6 


116.8 


149.5 


72.1 


Br 

32.0 

27.9 

45,0 

6.2 

60.5 

17.3 

34.6 

14.4 

13.3 

15.9 

44.7 

5.0 

23.7 

56.2 

4.9 

26.9 

93.5 

4.6 

24.4 

97.5 

4.9 

73.0 

81.3 

4.1 

25.6 

51.8 


68.2 


137.7 


5.0 

19.3 

<1.0 

<1.0 

4.7 

23.4 

<1.0 

<1.0 

4.4 

25.6 

<1.0 

<1.0 

4.4 

52.0 

24 

<1.0 

4.0 

21.3 

2.6 

<1.0 

wm 

3.9 

<1.0 

7.0 

17.9 

<1.0 

32.0 

12.7 

<1.0 

25.3 

16.7 

<1.0 

25.5 

Table  14 


Characterization  of  NSC  Control  EMCs 


Property 

B8 

Lot  Number 

Spiral  flow,  in. 

22 

22 

32 

Ram  Follower  Gel  Time,  sec 

14 

13 

17 

Hot  Hardness,  Shore  D 

87 

90 

75 

Flash  &  bleed 

3  mil,  mm 

10 

4 

4 

2  mil,  mm 

1 

1 

2 

1  mil,  mm 

I 

1 

1 

Thermal  Mechanical  Analysis 

26 

19 

18 

61 

55 

76 

Glass  Transition  (Tg),°C 

173 

157 

179 

Flammability,  UL-94  VO.  1/8” 

Pass 

Pass 

Pass 

Flexural  Strength,  Kpsi 

19 

18 

14.2 

Flexural  Modulus,  Mpsi 

2.3 

2.4 

1.8 

Specific  Gravity 

2.1 

2.2 

1.88 

Ash  content,  % 

74.5 

261 

92 

75 

Dielectric  Constant 

3.5 

3.8 

3.8 

Dissipation  Factor 

0.004 

0.005 
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Sandia  National  Laboratories  compared  standard  molding  compound  to  the  high  reliability  analogs  on 
NAT-01  triple  track  test  chips  in  159°C  /  85%  RH  HAST  at  5  volts  bias.  The  failure  mode  is,  of  course, 
corrosion  caused  by  EMC  contaminates.  Table  15  compares  Sandia’s  time  to  50%  failure  (t50)  to  48  hour 
extractable  halogens  for  standard  and  low  stress  EMC  and  their  analogs  containing  ion  scavengers  and  low 
chloride  resin. 


Table  15 


Unpassivated  Triple  Track  Failure  versus  Extractable  Halogens 
68  Id  PLCC  159C/85%  RH  /  5v 


Standard  EMC 

Versfloo 

Triple  Track  Failures  (t50),  hrs 

40 

200 

3400 

3400X 

Extractable  Cl,  ppm 

19.2 

11.8 

Extractable  Br,  ppm 

9.5 

5.4 

ULS-12H 

ULS-12HX 

Extractable  Cl,  ppm 

20.1 

7.3 

Extractable  Br,  ppm 

13.2 

1.4 

These  data  show  a  definite  relationship  between  low  levels  of  extractable  halogens  and  time  to  50%  failure 
in  the  Sandia  Triple  Track  study. 

A  second  study  conducted  by  Sandia  compares  in  plane  compressive  stress  of  the  low  stress  EMCs  using 
their  ATC04  die  in  a  68  Id  PQFP.  Data  in  Table  16  compares  Sandia’s  results  to  the  calculated  stress  index 
for  each  compound.  The  higher  negative  numbers  reported  by  Sandia  indicate  higher  stress. 

Table  16 


Sandia  Stress  Data  Compared  to  Calculated  Stress  Index 


Stress,  Mpa  approx. 
Stress  Index 


X9074.07 

B24 

ULS12H 

ULS12HX 

-111 

-108 

-93 

-75 

44.8 

32.4 

29.4 

26.6 

The  coefficient  of  correlation  for  this  set  of  values  is  0.7908  which  is  less  than  ideal  but  there  is  a  definite 
trend  of  EMC  with  lower  stress  index  numbers  giving  lower  stress  on  the  Sandia  die. 


This  comparison  of  the  data  from  the  Sandia  studies  to  extractable  halogens  and  stress  index  suggests  that 
these  two  EMC  material  properties  are  good  indicators  of  corrosion  and  stress  potential  . 

Review  of  NSC  and  Crane  Reliability  Data 


Table  17  shows  National  Semiconductor  HTS  and  operational  life  test  results  on  68  Id  PLCCs  in  which 
there  were  no  device  failures.  The  compounds  studied  in  these  tests  were  the  two  Plaskon  low  stress  EMCs, 
the  antipopcom  compound,  the  low  stress  control  and  ceramic. 


NSC  68  Id  PLCC  Test  Results 


EMC 

Test 

Conditions 

Hours 

%  Fail 

ULS-12H 

HTS 

175°C 

4125 

0 

ULS-12HX 

HTS 

175°C 

4125 

0 

X  9074.07 

HTS 

175°C 

4125 

0 

B24HTS 

175°C 

4125 

0 

Ceramic 

HTS 

175°C 

4125 

0 

ULS-12H 

Op  Life 

125°C 

4000 

0 

ULS-12HX 

Op  Life 

125°C 

4000 

0 

X  9074.07 

Op  Life 

125°C 

4000 

0 

B-24 

Op  Life 

125°C 

4000 

0 

Ceramic 

Op  Life 

125°C 

4000 

0 

On  this  device  and  under  these  conditions,  each  of  the  EMC  encapsulant  is  equivalent  to  ceramic 


Table  18  shows  NSC  electrical  test  results  after  temperature  cycling  at  -65°C  to 
+  150°C  for  the  low  stress  compounds,  the  antipopcom  EMC  and  ceramic. 

Table  18 

Compound  Electrical  Failures 

1500  cycles  2000  cycles 


ULS-12H 
ULS-12HX 
X  9074.07 
B-24 
Ceramic 

The  massive  failures  of  ULS-12H  at  2000  cycles  as  compared  to  0  for  ULS-12HX  are  most  likely  caused 
by  “dry  corrosion”  due  to  free  bromide  and  chloride  as  described  by  Tom  Raymond  ^  from  AMD.  ULS- 
12HX  and  X9074.07  both  contain  anionic  scavengers  to  capture  free  bromide  which  is  known  to  contribute 
to  ball  bond  degradation  and  chloride  which  can  corrode  the  ball  bond  pad.  This  writer  does  not  know  the 
exact  composition  of  B-24  (different  supplier)  and  therefore  cannot  comment  on  whether  or  not  it  contains 
an  anionic  scavenger. 

Tables  19  &  20  show  NSC  HAST  results  at  130°C  and  159°C  with  and  without  preconditioning.  None  of 
the  ceramic  devices  used  in  NSC  or  Crane  studies  were  preconditioned. 


0/36 

0/36 

0/36 

0/36 

0/25 


12/36 

0/36 

0/36 

0/36 

0/25 


P  INPI  P  INPI  P  INPI  P  I  NP  I  P  I  NP 


0/20  0/20  I  0/20  I  0/20  |  |  0/20 


1/20  I  0/20  I  1/19  0/20  1/18  0/20  6/17  0/20  |  0/11  |  0/20 


0/20  I  0/20  r  I  0/20  I  I  0/20  |  |  0/20 


12/20 


0/24  0/24  r  0/24  |  0/24  |  0/24 


P=  Preconditioned 
NP  =  Not  preconditioned 


NSC  68Id  PLCC  HAST  (fall/  total  devices) 
159X/85%RH 


72  hrs 

108  hrs 

216  hrs 

432  hrs 

P 

NP 

P 

NP 

P 

NP 

P 

NP 

p 

NP 

0/21 

0/21 

0/21 

12/21 

mMmkmm 

0/21 

0/21 

0/21 

0/21 

5/21 

1/21 

0/20 

20/20 

B-24 

11/21 

0/21 

0/21 

0/21 

0/21 

4/21 

QUA 

0/24 

0/24 

0/24 

0/24 

With  regards  to  the  EMC  used  in  these  HAST  tests,  only  the  following  conclusions  can  be  drawn  : 


1.  Precoiiiditiomiig  accelerates  device  failore  in  HAST. 

2.  Ceramic  is  superior  to  EMC  in  HAST 

3.  B-24  is  worse  in  preconditioned  HAST  than  the  other  EMCs. 

Review  of  Crane  HAST  Results 

At  Crane  Naval  base,  i30°C  and  159°C  HAST  tests  were  conducted  on  DIPs  and  SOICs  encapsulated  in 
standard  EMC  (3400),  its  high  reliability  analog,  B8  and  B 14  controls  and  ceramic.  Tables  21  &  22 
compare  130°C  HAST  results  with  48  hour  extractable  halogens. 

Table  21 


Crane  HAST  @  130°C 
Extractable  Halogens  verses  Failures 


DI 

Failure,  % 

Ps  no  precon  SOICs  5V 

Extractable 

48  hr  @  121°C 

216  hrs 

648hrs 

216  hrs 

648hrs 

Cl 

Br 

0 

0 

0 

19 

10 

0 

_ 0 _ L 

0 

0 

12 

5 

0 

0  1 

16 

28 

B14 

1  0 

0 

12 

18 

Ceramic 

0 

0  1 

0 

0 

Table  22 

Crane  HAST  @  130°C 


Compound 

Failure,  % 

DIPs  precon  SOICs  3( 

V 

Extractable 

48  hr  @  121°C 

216  hrs 

648  hrs 

216  hrs 

648  hrs 

a 

Br 

3400 

53 

60 

0 

7 

19 

10 

3400X 

20 

40 

73 

100 

12 

5 

B8 

53 

67 

16 

28 

B14 

33 

100 

12 

18 

Ceramic 

0 

0 

0 

0 

Preconditioning  and  higher  bias  voltage  resulted  in  an  unexpected  and  inconsistent  high  rate  of  failure. 
One  anomaly  is  that  3400X  with  lower  extractables  had  fewer  failures  on  DIPs  than  3400  but  the  reverse 
was  true  for  the  30  volt  SOICs.  One  theory  as  to  the  cause  of  the  high  level  of  failures  is  that  the  chloride 
containing  organic  solder  flux  used  in  preconditioning  somehow  contaminated  the  devices. 

Table  23 


Crane  HAST  @  159°C 
Extractable  Halogens  versus  Failures 


Compoond 

DII 

Failure,  % 

Ps  SOICs  5V 

Extractable 

48  hr  @  121°C 

216  hrs 

648  hrs 

324  hrs 

648  hrs 

Cl 

Br 

3400 

0 

60 

0 

67 

19 

10 

3400X 

7 

62 

0 

33 

12 

5 

B8 

40 

100 

16 

28 

B14  n 

27  n 

100 

12 

18 

Ceramic 

0 

0 

Table  24 


Crane  HAST  @  159°C 


Compound 

Failure,  % 

DIPs  precon  SOICs  30V 

Extractable 

48  hr  @  121°C 

216  hrs 

432  hrs 

216  hrs 

324  hrs 

a 

Br 

3400 

87 

100 

100 

100 

19 

10 

3400X 

73 

100 

100 

100 

12 

5 

B8 

100 

100 

16 

28 

B14 

60 

100 

12 

18 

Ceramic 

0 

0 

The  159°C  HAST  study  by  Crane  again  shows  that  preconditioning  and  high  voltage  cause  very  early 
massive  HAST  failures.  The  results  of  these  tests  suggest  that  HAST  at  159°C  with  30  volts  bias  may  be 
too  harsh  and  therefore  incapable  of  differentiating  between  standard  EMC  and  the  “X”  versions 


(27) 


Water  extract  conductivity  tests  were  run  on  3400  failed  devices  to  determine  why  30  volt  SOICs  devices 
failed  faster  than  the  5  volt  SOICs.  In  this  experiment,  chips  from  a  3400  SOIC  control  and  two  failed 
3400  SOICs  were  ground  to  a  fine  powder,  placed  in  conductivity  water  at  room  temperature  (23  C)  for 
one  week  and  then  tested  for  extractable  ionics.  Results  detailed  in  Table  25  show  higher  levels  of 
extractables  for  EMC  from  devices  subjected  to  30  volts  bias.  It  is  reasonable  to  conclude  that  the  early 
failures  of  the  30  volt  devices  could  be  due  to  increased  free  ionics  as  the  result  of  aggressive 


electro-  chemical  reactions. 


Table  25 


Plaskon  3400  SOICs 

Water  Extract  of  Failed  Devices  159C  HAST 


Time  in  HAST,  hrs 
Test  voltage 

Extractable  ionics,  ppm 

Na 

NH4 

K 

Cl 

Br 

S04 


Control 

0  216  648 

30  5 

2  33  3 

<1  <1  <1 

<1  16  <1 

3  15  1 

<1  1 

<18  2 


RECOMMENDED  MILITARY  EMC  SPECIFICATIONS  (Task  9.1) 


Plaskon’s  recommendations  for  specifications  covering  the  three  types  of  Epoxy  Molding  Compounds 
Studied  in  this  program,  standard  grade,  low  stress  and  antipopcorn  are  detailed  in  the  next  three  pages  oi 

this  report. 

Each  of  these  specifications  lists  properties  necessary  to  characterize  basic  moldabihty,  thermal  mechanical 
electrical  and  chemical  properties  of  EMC.  Limits  are  set  for  each  EMC  to  control  extractable  ionics, 
esoeciallv  chloride  and  bromide  which  are  known  to  cause  corrosion  and  ball  bond  failure  under  moisture 
and/or  heat  stress.  Stress  Index,  the  mathematical  product  of  alpha  1  CTE  and  flexural  modulus,  has  been 
added  to  differentiate  the  low  stress  EMC  from  the  standard  grade.  Limits  of  CTE  and  flexural  modulus 
for  low  stress  EMC  are  necessarily  lower  than  those  of  standard  grade. 


Moisture  content  and  high  temperature  flexural  strength,  have  been  added  to  the  antipopcorn  EMC 
specification  to  differentiate  it  from  the  other  two  grades  in  this  program  .  Moisture  absorption  is  to  be 
determined  by  ICP’s  most  stringent  moisture  conditioning  protocol  of  168  hours  at  85°C/85%  RH. 

The  three  specifications  should  include  a  general  description  of  the  EMC,  i.e  silica  filled  epoxy  resin  wuh 
a  novolac  hardener  and  one  or  more  ion  scavengers  to  capture  trace  amounts  of  free  halogens  and  alkali^ 
metals.  The  specific  chemical  structure  and  amount  of  scavenger  used  are  generally  EMC  manufacturer  s 
trade  secrets  and  therefore  are  not  included  in  the  list  of  EMC  properties  . 

Each  of  the  three  specifications  is  divided  into  two  types  for  use  in  the  two  most  common  types  of 
molding  operations.  Type  1  is  for  conventional  molding,  type  2  for  automated  gangpot. 

The  test  methods  listed  in  these  specifications  are  accepted  Industry  standards 
Test  apparatus  and  sample  descriptions  are  included  in  appendix  B . 
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Property 


Method 


Conditions 


Type  1 


Limits 


Limits 


Spiral  flow 

SEMIGll 

175T/1000  psi 

cm 

35-75 

60-125 

Ram  Follower  Gel  Time 

SEMI  Gil 

175°C/1(X)0  psi 

seconds 

8-12 

10-25 

Hot  Hardness 

Shore  D 

175°C  (90  seconds) 

^  60 

5:  60 

Flash  &  Bleed 


2  mil  Channel 


0.25  mil  Channel 


Thermal  Properties 


Coefficient  of  Thermal 
Expansion 


Alpha  1 


Alpha  2 


Glass  Transition  Temp.  (Tg) 


Flammability 


es 


Flexural  Strength 


Flexural  Modulus 


Specific  Gravity 


Ash  content 


Viscosity 


Electrical 


Dielectric  Constant 


Dissipation  Factor 


Volume  Resistivity 


Water  absorption 


Water  Extract  Conductivity 


pH  of  Extract 


Extractable  Sodium 


Potassium 


Chlorine 


Bromine 


Iron 


Total  Antimony 


Total  Bromine 


SEMI  G45 


175°C/1000  psi 


SEMI  G 1 3  Post  cure 


4hrs/  175°C 


UL-94 


D3835 


SEMIG29  48hrs/12rC 


Xray  Fluorescence 


Xray  Fluorescence 


millimeters 

^20 

^20 

millimeters 

^5 

<;  5 

ppm/°C 


ppm/'^C 


Degree  C 


1/8"  thickness 


Room  Temp. 


Room  temp. 


Percent 


175"C/1000psi  I  poise 


1  KHz/room  temp 


1  KHz/  room  temp 


Room  temp.  |Ohm-cm 


85°C/85RH/168hr  [Percent 


(Li  mhos/cm 


ppm 


ppm 


ppm 


ppm 


ppm 


Percent 


Percent 


^26 

^26 

^80 

^80 

2:  140 

^  140 

VO 

VO 

2:  16 

^  16 

^  3.5 

:S3.5 

1. 5-3.0 

1. 5-3.0 

65-85 

65-85 

^  300 

:S300 

^  5.0 

^  5.0 

^  0.010 

0.010 

S  10“* 

s  10'^ 

^0.60 

^0.60 

^  150 

150 

3. 5-7 .5 

3.5-7.5 

^  50 

^50 

:S50 

50 

^25 

^25  ^ 

:S25 

:S25 

^50 

^  50 

^2.5 

^2.5 

^  1..0 

^  1..0 
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spiral  flow 


Ram  Follower  Gel  Time 


Hot  Hardness 


Flash  &  Bleed 


2  mil  Channel 


0.25  mil  Channel 


Coefficient  of  Thermal 
Expansion 


Alpha  1 


Alpha  2 


Glass  Transition  Temp,  (Tg) 


Stress  Index 


Flammability 


Flexural  Strength 


Flexural  Modulus 


Specific  Gravity 


Ash  content 


Viscosity 


SEMI  Gil 


SEMI  Gil 


Shore  D 


SEMI  G45 


I75°C/1000  psi 


175°C/1000  psi 


175°C  (90  seconds) 


175°C/1000  psi 


60-125 


10-25 


^  60 


millimeters 

1  ^20 

^20 

millimeters 

:S5 

s5 

SEMI  G 13  Post  cure 


4hrs/  175°C 


ppm/°C 


ppmrc 


Degree  C 


D790 


D790 


D792 


D2584 


D3835 


Room  Temp. 


Room  temp. 


650°C 


175°C/1000  psi 


^  18 

^  18 

:S65 

<65 

^140 

s  140 

VI 

^35 

VO 

VO 

Percent 


poise 


S:14 


^  2.0 


1. 5-3.0 


65-85 


^  100 


s:14 


^2.0 


1. 5-3.0 


65-85 


^  100 


Dielectric  Constant 

D149 

1  KHz/room  temp 

^  5.0 

^  5.0 

Dissipation  Factor 

D149 

1  KHz/  room  temp 

r^O.OlO 

^0.010 

Volume  Resistivity 

D257 

Room  temp. 

Ohm-cm 

al0'‘* 

S:  10''* 

Moisture  absorption 


Water  Extract  Conductivity 


pH  of  Extract 


Extractable  Sodium 


Potassium 


Chlorine 


Bromine 


Iron 


Total  Bromine 


Total  antimony 


SEMIG29  48  hrs/12rC 


85°C/85%RH/168  hr  |  Percent 


\x  mhos/cm 


Xray  Fluorescence 


Xray  fluorescence 


ppm 


ppm 


ppm 


Percent 


Percent 


^0.60 

0.60 

^  150 

150 

3. 5-7. 5 

3. 5-7 .5 

^  50 

:S50 

^50 

^50 

:S25 

^25 

^25 

^25 

^  50 

^50 

1..0 

^  1,.0 

^2.5 

^2.5 

Method 


Conditions 


Type  1 

Type  2 

Limits 

Limits 

Spiral  flow  I  SEMI  G 1 1 


Ram  Follower  Gel  Time  SEMI  G 1 1 


Hot  Hardness  Shore  D 


Flash  &  Bleed  |  SEMI  G45 


2  mil  Channel 


0,25  mil  Channel 


175°C/1000  psi 


175°C/1000  psi 


175°C  (90  seconds) 


175°C/1000  psi 


cm 


seconds 


35-75 

60-125 

8-12 

10-25 

s60 

^60 

millimeters 

5  20 

^20 

millimeters 

^5 

^5 

Coefficient  of  Thermal 
Expansion 


Alpha  1 


Alpha  2 


Glass  Transition  Temp,  (Tg) 


Stress  Index 


Flammability 


es 


Flexural  Strength 


Flexural  Modulus 


Flexural  Strength 


Flexural  Modulus 


Specific  Gravity 


Ash  content 


Viscosity 


Electrical 


Dielectric  Constant 


Dissipation  Factor 


Volume  Resistivity 


A 


Moisture  absorption 


Water  Extract  Conductivity 


pH  of  Extract 


Extractable  Sodium 


Potassium 


Chlorine 


Bromine 


Iron 


Total  Bromine 


Total  antimony 


SEMIG13  Post  cure 


4  hrs/  175°C 


UL-94 


D2584 


D3835 


1/8"  thickness 


Room  Temp. 


Room  temp. 


215  °C 


215  °C 


650°C 


175°C/lOOO  psi 


ppm/°C 


ppm/°C 


Degree  C 


Percent 


poise 


1  KHz/room  temp 


1  KHz/  room  temp 


Room  temp.  |Ohm--cm 


85°C/85%RH/168  hr  iPercent _ 


SEMI  G29  1 48  hrs/ 1 2 1  °C  \\i  mhos/cm 


ppm 


ppm 


ppm 


ppm 


ppm 


Percent 


Percent 


Xray  Fluorescence 


Xray  fluorescence 


^  18 

^  18 

^65 

<65 

^130 

^  130 

^50 

^50 

VO 

VO 

2:18 

^18 

^  4.0 

^4.0 

^1.0 

^1.0 

^  150 

^150 

1. 5-3.0 

1. 5-3.0 

75-90 

75-90 

^200 

^  150 

5.0 

^  5.0 

:^0.01 

^0.010 

^0.30 

:S0.30 

150 

150 

3.5-7 .5 

3.5-7 .5 

^  50 

^50 

^50 

^  50 

^25 

:S25 

:S25 

^25 

^50 

^50 

^  1..0 

1.0 

^2.5 

^  2.5 
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ASTM 

Br 

C 

Cl 

q)s 

CTE 

DIP 

EMC 

EOCN 

Fq 

g 

g/cc 

HAST 

Hr 

HTS 

ICP 

in 

K 

Kg 

mm 

Na 

PaS 

PLCC 

PN 
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High  Temperature  Storage 
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Parts  per  million 

pounds  per  square  inch 

Quad  flat  pack 

Relative  humidity 

Ram  Follower  Gel  Time 

Second 

Semiconductor  Equipment  &  Materials  International 

Small  outline  integrated  circuit 

Thin  small  outline  package 

Glass  transition  temperature 

Underwriters  Laboratories 

Water  extract  conductivity 


Appendix  B 

Test  EquiDment  and  Samples 

Spiral  Flow  &  Ram  Follower  Gel  Time 

15  Ton  Transfer  Molding  press  with  displacement  transducer 
486  Computer  interface  for  data  reduction 
EMMI  Spiral  Flow  Mold,  Kras  Corp.,  Fairless  Hills,  PA 
Test  sample  :  15  to  25  grams  of  granular  EMC 

Hot  Hardness 


Shore  Durometer  D  (ASTM  D2240) 

Measured  on  hot  molded  cull  during  the  spiral  flow  test 

Flash  and  Bleed 

15  Ton  Transfer  Molding  press 

Flash  Mold,  Kras  Corp.,  Fairless  Hills,  PA 

Test  sample  :  15  to  25  grams  of  granular  EMC 

Thermal  Mechanical  Analysis  (TMA) 

Dupont  2000  Analyzer  with  model  943  TMA  module 
Sample:  molded  cylinder  5  mm  diameter  x  5  mm 

Flammability  -  UL-94 

Laboratory  burner  ,  4”  tube  with  inside  diameter  of  0.370" 
Test  Specimen:  Molded  bars,  5"  x  0.5"  x  Test  thickness) 

Flexural  Strength  and  Modulus 

Instron  model  1 122,  or  equivalent 

S.E.S.  temperature  chamber  model  UTB  1 .21 

Test  specimens:  Molded  bars  5"x  0.5"  x  0.25" 

Specific  Gravity 

Pycnometer,  750  ml 

Test  specimen:  Molded  bars,  5"  x  0.5"  x  0.0625" 

Ash  Content 

Muffle  Furnace  capable  of  heating  to  700°C 
Sample  size:  One  gram  of  granular  material 

Viscosity 


Shimadzu  CFT-500  Automatic  Rheometer 

Test  sample:  EMC  pellet,  3.50  gram  by  1 1  mm  diameter 


Dielectric  Constant  and  Dissipation  Factor 


Gen  Rad  1688  Precision  LC  Digibridge 

Specimen  holder  (Rhode  &  Schwartz  Type  KMT  Variable  capacitor) 
Test  Specimen:  Molded  EMC  disk  4"  in  diameter  by  0.125"  in  thickness 

Volume  and  Surface  Resistivity 

Hewlett-Packard  4329A  High  Resistivity  Meter 
HP  model  1608 A  Resistivity  Cell 

Test  specimen:  Molded  disk  4"  in  diameter  by  0.125"  in  thickness 


ESPECF  Series  Humidity  Chamber,  Model  PR-2F 

Test  specimen:  Molded  EMC  disk,  2"  diameter  by  0.125"  thick 

Water  Extract  Conductivity 

Ion  Chromatograph,  Dionex  20201 

ESPEC  F  Series  Humidity  Chamber,  Model  PR-2F 

Parr  4749 

Spex  grinding  mill  ,  j 

pH  meter  with  standard  combination  pH  and  reference  electrode 
Conductivity  meter,  YSI  Model  34  with  1 .0/cm  conductivity  cell 
Test  sample:  1 .5  of  -40/+80  mesh  EMC/ 15  mis  of  conductivity  water 


Espec  humidity  chamber.  Model  TPC  410 

Variable  power  supply ,  capable  of  supplying  30  volts/2  amps 

Circuit  test  boards  -  South  Bay  Electronics  design.  Type  1  A,  Rev  A,  coated 

with  Dow  Corning  conformal  coating  1-2577 

Tektronics  curve  tracer  Model  576 

High  purity  water,  >17  megohm  or  better 

Test  device:  National  Semiconductor  LM301  operational  amplifier 


HotPak  oven  capable  of  heating  to  200°  C 

Genrad  Model  1732M  Digital  IC  Test  System 

Test  device:  Texas  Instruments  7400  Quad  Nand  Gate 

Tftfrall  Autimouv  amd  Bromine 


X-ray  Fluorescence,  ASOMA  model  8620 
Test  sample  -40/-I-100  mesh  powder. 


End  Notes 


1  Popcorn  refers  to  the  phenomenon  of  plastic  package  cracking  during  solder  reflow 
due  to  pressure  caused  by  absorbed  water  rapidly  converting  to  steam. 

2  M.  Nakoa,  T.  Nishiokam,  M  Shimizu,  H  Tabatam,  and  K  Ito  ,  “Degradation  of 
Brominated  Epoxy  Resin  and  Effects  on  Integrated  Circuits  Device  Wirebonds,” 
Polymers  for  Electronics  Packaging  and  Interconnects,  ACS  Symposium  Series  407, 
pp  375-443, 1989. 

3  Mizugshira,  H.  Higuchi,  and  T.  Ajiki,  "Improvement  of  Moisture  Resistance  by  Ion 
Exchange  Process,  :IEEE,  International  Reliability  Physics  Symposium,  1987 

4  Avoid  Bond  Pad  Failure  Mechanisms  in  Au-Al  Systems ,  Tom  Raymond, 
Semiconductor  International,  Sept  1989,  pp  152-158. 
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Introduction 

The  objective  of  the  Plastic  Package  Availability  (PPA)  program  is  to  provide  the  data  necessary  for  the 
DoD  to  revise  its  specification  concerning  the  use  of  plastic  ICs  in  military  systems.  To  achieve  this  objective 
National  Semiconductor  assembled  a  team  consisting  of  Dow  Coming,  Honeywell,  Plaskon  Electronic  Matenals 
and  Sandia  National  Laboratory.  Each  member  of  the  team  will  make  contributions  based  on  their  own  area  of 
unique  expertise.  Honeywell  is  to  report  on  system  considerations  tor  the  replacement  ot  hermetic  with  plastic  ICs 
based  on  field  experience  with  commercial  products.  Plaskon  will  review  current  commercial  state-of-the-art 
matenals  and  processes  and  develop  a  preliminary  specification  for  military  grade  epoxy  molding  compounds.  Dow 
Coming  is  to  demonstrate  improvements  in  reliability  of  plastic  packaged  ICs  through  the  use  ceramic  moisture 
barrier  die  coat  technology.  The  role  of  Sandia  National  Laboratory  in  the  PPA  program  is  development  of  a 
moisture  and  corrosion  test  chip  that  can  be  used  to  validate  and  possibly  even  qualify  the  materials  and  processes 
generated  by  the  other  team  members. 


Ta\sk  Description 

The  moisture/corrosion  test  chip  development  task  is  broken  down  into  the  following  sub-tasks: 

4  1  Test  Chip  Design  -  Sandia  shall  design  and  develop  a  silicon  test  chip  for  measuring  the  susceptibility 
to  moisture  activated  corrosion  of  a  molded  part  at  the  die  surface.  This  task  will  include  design,  mask 
making,  and  process  development. 

The  test  chip  shall  have  moisture  sensors  and  corrosion  detection  features.  The  sensor  should  be  able  to 
withstand  300°C  for  a  minimum  of  4  hours  without  degradation  of  performance. 

The  moisture  sensors  shall  consist  of  at  least  one  set  of  two  sensors,  one  uncovered  and  one  covered 
with  standard  SNL  chip  passivation.  The  uncovered  sensor  shall  allow  detection  of  moisture  absorption 
into  the  plastic,  while  the  protected  sensor  shall  measure  the  breaching  of  the  passivation,  (e.g., 
presence  of  pinholes).  The  moisture  sensor  shall  use  Sandia  s  CMOS  technology,  the  detector  shall  be 
made  up  of  a  microplate  capacitor  with  the  silicon  substrate/wafer  as  one  plate  and  a  fine  grid  structure 
of  IC  metalization  as  the  other;  the  dielectric  shall  be  an  anodized  silicon  surface  layer. 

The  corrosion  detector  shall  consist  of  two  sets  of  triple  track  structures,  one  uncovered  and  one 
covered  with  chip  passivation.  The  covered  detector  shall  be  used  to  evaluate  the  protective  properties 
of  the  passivation  layer  against  moisture  activated  corrosion.  The  uncovered  detector  shall  be  used  to 
evaluate  the  susceptibility  to  corrosion  of  the  A1  1C  conductors  adjacent  to  molding  compound  and  to 
provide  secondary  measurement  of  bulk  moisture  content  in  the  molding  compound. 

The  test  chip  shall  be  produced  in  a  100  mil  square  modular  unit,  which  can  be  used  as  a  single  die,  or  a 
quad,  or  an  array  of  multiple  dies. 

4  2  Develop  Test  Procedures  -  Test  procedures  shall  be  developed  tor  use  of  the  moisture  sensor  for 
detection  of  defects  or  pinholes  in  chip  passivation.  Procedures  shall  be  developed  for  use  of  the 
corrosion  detector  in  HAST  on  test  chips  in  open  and  molded  packages. 

4,3  Test  Chip  Calibration  -  Calibration  graphs  and  measurement  data,  including  mean  and  standard 

deviation  of  a  representative  sample  population  from  the  wafers  of  the  deliverable  group  of  test  chips, 
shall  be  provided  for  moisture  levels  in  the  range  of  500  to  6,000  ppiru.  In  addition,  measurement  data 
shall  be  provided  from  a  sample  population  calibrated  before  and  after  bake-out  at  300°C  for  a 
minimum  of  4  hours  to  demonstrate  minimal  performance  degradation  after  exposure  to  elevated 
temperature. 

Results  of  the  following  '‘best  effort '  experiments  to  be  undertaken  at  the  discretion  of  SNL  shall  be 
shared  with  NSC; 

<  In  situ  HAST  performance  of  open  package  moisture  sensor. 

•  In  situ  HAST  performance  of  moisture  sensor  in  molded  or  liquid  encapsulated  (globbed)  package. 

•  Capacitive  response  of  unpassivated  corrosion  detector  in  molded  package  to  various  humidity  level, 
possibly  including  HAST  conditions. 
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Determination  of  diffusion  rate  through  molding  materials  using  the  unpassivated  moisture  sensor. 
Moisture  concentration  at  the  chip  surface  using  the  unpassivated  moisture  sensor  or  triple  track 
corrosion  detector. 

4.4  Mnisriire  Test  Specification  -  SNL  shall  provide  suggested  elements  to  a  possible  Plastic  Qualification 
specification.  These  elements  will  describe  how  SNL  feels  that  the  moisture  and  corrosion  test  chip 
should  be  used  to  aid  in  qualification  of  a  non-hermetic  IC  assembly  process.  Five  hundred  die  will  be 
delivered  which  have  been  visually  inspected  for  shorts.  The  GDS  11  ma.sk  design  file  will  be  delivered. 
An  informal  document  shall  be  delivered  containing  descriptions  of  the  manufacturing  process,  chip 
cross-sections  at  intermediate  processing  steps,  anodization  procedure,  final  chip  layout,  and  additional 
data  deemed  pertinent. 

During  the  Open  Program  Review  on  5/19/94  in  San  Diego,  it  was  suggested  by  industry  observers  that  the 
Sandia  ATC04  Stress  Te.st  Chip  be  used  to  evaluate  the  various  epoxy  molding  compounds  formulated  by  Plaskon 
for  the  program.  A  follow-on  ta.sk  was  agreed  to: 

4  5  .Stress  Measurement  using  ATC04  -  Measure  and  compare  stress  properties  of  the  molding  compounds 
developed  by  Plaskon  for  the  PPA  program.  In  addition,  evaluate  the  effect  of  preconditioning  on  the 
stress  profile  in  the  molded  package. 

A  second  part  to  this  task  involving  evaluation  of  the  ettect  of  curing  time  on  the  stress  profile  of  68-lead 
PLCCs  was  beyond  the  scope  of  current  PPA  funding  and  will  be  added  to  a  separate  extension  proposal. 


Task  4. 1  -  Test  Chip  Design 

The  test  chip  is  comprised  of  a  moisture  sensor  and  a  corrosion  detector.  The  corrosion  detector  is  a 
conventional  triple  track  corrosion  structure  similar  to  that  used  in  previous  ATCs  (Assembly  Test  Chips)  designed 
and  built  by  .Sandia.  Design  particulars  will  be  covered  at  the  end  of  this  section.  The  moisture  sensorjs  required  to 
detect  pinholes  or  defects  in  a  moisture  barrier  coating  and  withstand  processing  temperatures  of  300°C  for  at  least 
4  hours.  These  requirements  are  especially  challenging  and  experimentation  was  necessary  to  validate  the  best 

design  approach.  ,  ,  .  , 

Moisture  Sensor  Potions:  The  need  for  a  sensor  that  is  compatible  with  standard  microelectronics 

fabrication  processes  and  able  to  withstand  processing  temperatures  typical  of  the  application  of  plasma  enhanced 
chemical  vapor  deposited  (PECVD)  coatings,  pointed  to  volume  effect  capacitors.  Volume  effect  sen.sors  measure 
chanoes  in  impedance,  capacitance,  or  resistivity  due  to  moisture  adsorption  in  a  porous  region  contained  between 
two  electrodes.  Within  this  group  of  sensors,  several  porous  media  have  been  previously  investigated,  including 
AI2O,'  -  (aluminum  oxide),  polyimideT  and  porous  silicon'.  The  most  common  of  these  is  the  ALO,  moisture 
sensor,  a  passive  device  made  by  forming  a  thin  porous  film  of  non-conductive  A1  oxide  on  an  A1  conductor  using  a 
sulfuric  acid  anodic  etch  process.  The  bottom  electrode  of  the  capacitor  is  the  unanodized  portion  of  the  A1 
conductor  and  the  top  electrode  is  generally  formed  by  depositing  a  thin,  permeable  film  of  Au  or  Pd  on  the  oxide. 
The  oxide  region  contains  columnar  pores  with  diameters  100-150  A.  Vapor  phase  moisture  is  transported  into  t  e 
pores  by  the  process  of  ordinary  diffusion.  As  the  partial  pressure  of  water  vapor  increases,  water  molecul^es  will 
adhere  to  the  pore  walls  creating  monolayers  of  water  distributed  throughout  the  surface  area  of  the  porous  film  At 
a  certain  critical  partial  pressure,  liquid  water  will  begin  to  fill  the  pores  through  the  process  of  microcapillary 
condensation.  The  presence  of  vapor  and  liquid  phase  water  in  the  porous  dielectric  region  of  the  capacitor  causes  a 
change  in  the  effective  dielectric  constant  and  a  corresponding  change  in  capacitance.  The  sensitivity  of  the 
capacitor  to  moisture  is  enhanced  by  the  polar  nature  of  the  water  molecule,  which  has  a  relative  dielectric  constant 
of  ~  80.  Unfortunately,  the  AI2O2  moisture  sensor  appears  to  desensitize  after  exposure  to  temperatures  above  ~ 
150°CA  and  is  not  intrinsically  compatible  with  standard  IC  processing. 


'  R  F  Macko.  in  Proceedings  of  the  NBS/RADC  Workshop  on  Moisture  Measurement  Technology  for  Hermetic 
Semiconductor  Devices,  II.  edited  by  E.  C.  Cohen  and  S.Ruthberg.  NBS  Special  Publication  400-72,  110-112 
(1982). 

'  J  N  Sweet.  M.  R.  Tuck,  D.  W.  Peterson,  and  S.  W.  Palmer  in  Proceedings  of  the  Ninth  IEEE  International 
Electronics  Manufacturing  Technology  Symposium,  edited  by  W.  M.  Beckenbaugh,  229-235  (1990). 

'  R.  C.  Anderson,  R.  S.  Muller,  and  C.  W.  Tobias,  Sensors  and  Actuators  A21-A23,  835  (1990). 
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A  capacitive  moisture  sensor  can  also  be  fabricated  from  porous  Si  (PS).  PS  is  formed  during  the 
anodization  of  doped  Si  in  a  bath  of  hydrofluoric  acid  (HF).  The  density  of  PS  can  vary  from  20-80%  that  of  bulk 
Si.  PS  retains  the  crystalline  structure  of  the  starting  material  and  has  specific  surface  areas  that  can  range  between 
40  and  400  The  porous  microstructure  depends  largely  on  the  dopant  type  and  concentration  of  the  starting 
wafer.  PS  formed  from  /?-type  Si  have  columnar,  non-connected  pores  similar  in  structure  to  ALOa  porous  films.  PS 
from  p-type  Si  substrates  contain  finer  pores  with  diameters  in  the  100  A  range.  Lightly  doped  Si  substrates 

(<  1  Q-cm),  in  particular,  develop  interconnected  pores  in  a  sponge-like  matrix. 

Anodization  Process:  The  formation  of  PS  through  anodic  etching  of  Si  is  illustrated  in  Fig.  1.  The  Beale^ 
theory  assumes  the  Fermi  level  is  pinned  at  mid-gap,  much  like  a  Schottky  barrier  diode.  Charge  flows  across  the 
Schottky  barrier  by  thermionic  emission  in  lightly  doped  /7-type  Si  substrates.  The  current  flows  preferentially  down 
the  electrolyte  path  of  least  resistance,  dissolving  Si  at  the  pore  tips  due  to  local  field  enhancement.  Local  field 
enhancement  is  greatest  during  the  onset  of  pore  growth  when  the  radius  is  smallest  and  decreases  with  time.  The 
orientation  of  a  given  pore  tip  and  its  subsequent  growth  direction  can  vary  from  normal  to  the  surface  to 
perpendicular  to  the  surface.  The  “off  normal”  pores  eventually  intercept  other  pores  creating  the  interconnected 
pore  morphology  common  to  lightly  doped/;- type  PS. 

The  anodization  process  is  carried  out  in  a  double-tank  electrochemical  cell,  where  both  sides  of  the  wafer 
are  in  contact  with  HF  electrolytes^.  The  cell  is  constructed  of  high  density  polyethylene  with  sapphire  windows  at 
each  end  to  facilitate  front  and  backside  illumination  with  external  light  sources  for  carrier  generation.  A  liquid- 
tight  seal  is  obtained  with  a  cam-type  lever  which  compresses  0-rings  fitted  in  each  half-cell  against  the  wafer.  The 
half-cells  are  cylindrical  cavities;  thus,  the  electrolyte  volumes  between  the  wafer  and  the  two  platinum  mesh 
electrodes  have  the  same  cross-section  as  the  exposed  region  of  the  wafer.  This  geometry  minimizes  current 
crowding  at  the  wafer  edge  and  optimizes  the  primary  current  distribution.  Anodization  parameters  used  for  the 
NAT-01  sensors  are  5  mA/cxxr  for  252  seconds  in  5%  HF  by  weight  on  0.14  -  0.3  Q-cm /7-type  152  inm  (six  inch) 
Si  wafers.  This  process  nominally  results  in  a  0.9  pm  film  of  80%  porosity. 


R  cathode  (-) 


I^A  A  1 

1  1 

□ 

hlF  Electrolyte  -1  ohm-cm 

Overlapping  depletion  region 
In  lightly  doped  HO  c^m-cm 

Local  field  enhancement 

Substrate  -  0.01  to  25  ohm-cm 


Anode  ohmic  contact  (+) 


Fig.  1.  Beale  model  for  porous  film  formation  in  Si.  The  backside  ohmic  contact  is  normally  achieved  with  a  platinum 
electrode  in  a  wet  chemical  cell  using  -  49%  HF  electrolyte  solution. 

Diffusion  experiments:  One  of  the  key  requirements  for  the  moisture  sensor  is  response  to  a  point  moisture 
source  characteristic  of  a  defect  or  pinhole  in  a  moisture  barrier  coating  passivation  system.  Two  experiments  were 
carried  out  to  demonstrate  lateral  diffusion  through  a  PS  film  made  from  lightly  doped  /;-type  Si.  In  the  first 
experiment,  dot  capacitors  were  made  with  0.050  inch  diameter  300  A  thick  Au  dots  and  1  pm  thick  A1  dots.  Au 


T.  R.  Guilinger,  M.  J.  Kelly,  and  S.  S.Tsao  in  Silicon-on~Insulator  ayid  Buried  Metals  in  Semiconductors ,  edited 
by  J.  C.  Sturm,  C.  K.  Chen,  L.  Pfeiffer,  and  P.  L.  F.  Hemment,  Material  Research  Society  Proceedings  107,  455- 
458  (1988). 

^  M.  I.  Beale,  J.  D.  Benjamin,  M.  J.  Uren,  N.  G.  Chew,  A.  G,  Cullis,  “An  Experimental  and  Theoretical  Study  of  the 
Formation  and  Microstructure  of  Porous  Silicon,”  J.  Oystal  Growth,  73,  622  (1985). 

^  M.  J.  Kelly,  R.  R.  Guilinger,  V.  E.  Granstaff,  D.  W.  Peterson,  J.  N.  Sweet,  and  M.  R.  Tuck  in  Proceedings  of  the 
Symposium  on  Electrochemical  Microfahrication,  180th  Meeting  of  Electrochemical  Society,  edited  by  M.  Datta, 
K.  Sheppard,  and  D.  Snyder,  Phoenix,  AZ,  (1991). 
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dots  of  this  thickness  are  well  known  to  be  transparent  to  vapor  phase  moisture.  Fig.  2  shows  the  results  of  this 
experiment.  Lateral  diffusion  is  clearly  evident  in  the  case  of  the  A1  dot  capacitor,  although  the  final  concentration 
within  the  dielectric  volume  is  less  than  for  the  case  of  the  Au  dot,  as  indicated  by  the  difference  in  final  response. 
This  would  suggest  a  radial  concentration  gradient  underneath  the  A1  dot  at  equilibrium.  The  curious  difference  in 
ingress  vs.  egress  diffusion  times  for  the  A1  dot  capacitor  is  always  observed  in  these  lateral  diffusion  experiments 
with  porous  Si  and  remains  unexplained  at  this  time. 

A  second  experiment  was  carried  out  to  further  demonstrate  the  responsiveness  of  lightly  doped  porous  Si  to 
a  pinhole  moisture  source.  In  this  experiment  a  number  of  A1  dot  sensors  were  passivated  with  a  7  kA  SiN  moisture 
barrier  coating.  A  small  nick  in  the  passivation  at  the  center  of  each  dot  provided  a  bonding  site  for  an  A1  bondwire. 
Fig.  3  shows  typical  capacitive  response  of  one  sensor  to  a  drop  of  water  before  and  after  a  2  \im  pinhole  was 
formed  using  a  YAG  laser.  In  the  latter  case,  the  moisture  front  underneath  the  SiN  layer  could  be  seen  with  the 
naked  eye  progressing  outward  in  a  spherical  front  from  the  pinhole  even  after  the  original  drop  had  evaporated  (- 
3  minutes).  When  the  moisture  front  reached  the  edge  of  the  A1  dot  (also  --  3  minutes),  the  capacitance  was 
observed  to  increase  exponentially,  as  seen  in  Fig.  3. 


50  mil  diameter  300A  Au  permeable  electrode 


50  mil  diameter  10KA  AI  electrcxte 


Planar  view  of 
50  mi!  AI  dot 
showing  possible 
equilibrium 
concentration 
gradient 


Fig.  2.  Lateral  diffusion  experiment  using  0.050  inch  diameter  AI  and  Au  dot  capacitors  made  from  0. 1-0.3  Q,~cm  p-type 
porous  Si.  Probable  diffusion  paths  for  moisture  ai*e  shown  at  right.  Graph  on  left  shows  capacitive  response  of  two 
sensors  to  a  step  change  in  moisture  concentration  from  300  to  6000  ppmv. 


Fig.  3.  Capacitive  response  to  a  point  moisture  source  of  0.050  inch  diameter  AI  dot  capacitor  moisture  sensor  made  from 
8-16  Lt-cm  7>type  porous  Si.  The  sensor  was  capped  with  a  7  kA  SiN  moisture  barrier  coating  and  exposed  to  a  drop  of 
water  before  and  after  a  ~  2  pm  pinhole  was  formed  with  a  laser  -  0.050  inch  from  the  edge  of  the  AI  dot. 

Process  optimization:  Successful  demonstration  of  lateral  diffusion  and  pinhole  detection  in  lightly  doped 
porous  Si  films  led  to  the  design  and  fabncation  of  a  simple  AI  grid  test  chip  to  be  used  in  process  development. 
The  test  chip,  shown  in  Fig.  4,  contains  four  AI  grid  porous  Si  capacitors  of  varying  surface  area,  with  5pm  lines 
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and  spaces.  The  chip  was  used  to  optimize  the  interlevel  dielectic  and  passivation  etch  steps  over  porous  Si.  After 
some  trial  and  error,  it  was  determined  that  a  1200  A  film  of  PETEOS  (Plasma  Enhanced  Tetraethylortho silicate  - 
a  low  temperature  decomposition  resulting  in  SiO^)  could  be  used  to  protect  the  porous  Si  layer  during  subsequent 
processing  steps  and  would  as  an  etch  stop  during  the  final  passivation  plasma  etch.  The  film  also  corrected  a 
problem  with  delamination  of  A1  conductors  during  DI  (deionized)  water  rinse  cycles  by  forming  an  adhesive 
bonding  layer  between  the  porous  Si  and  the  Al.  One  issue  remained:  Minimum  line  widths  that  would  still  adhere 
to  the  PETEOS  over  porous  Si  film.  A  small  lot  of  ATCOl  test  chips  was  fabricated  using  lightly  doped  p-type 
substrates  which  were  completely  anodized  and  coated  with  PETEOS  prior  to  processing.  The  ATCOl  contains  Al 
triple  track  structures  with  line  widths  ranging  from  1.25  pm  to  6  pm.  At  the  end  of  processing,  the  SiN  passivation 
and  the  PETEOS  protecting  the  porous  Si  was  removed  using  the  etch  process  previously  developed.  All  of  the 
triple  tracks  maintained  adhesion,  however  many  of  the  L25  pm  triple  tracks  were  discontinuous,  having  gaps 
apparently  caused  by  the  etch  process.  Ail  of  the  2  pm  and  greater  tracks  were  electrically  and  mechanically  good. 


0.250'' 


Fig,  4.  Porous  Si  technology  demonstration  test  chip.  This  chip  was  used  in  a  number  of  experiments  to  demonstrate 
pinhole  or  defect  detection  using  an  Al  giidded  device  fully  compatible  with  standard  CMOS  processing. 


30  -1 
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Fig.  5.  Wafer  level  pinhole  detection  experiment  using  the  test  chip  shown  in  Fig.  4  coated  with  7  kA  of  PECVD  SisN.^  at 
the  wafer  level.  Capacitance  readings  of  the  0.100  inch  squai'e  sensors  were  taken  before  (Cq)  and  after  (C)  a  12  hour  soak 
in  deionized  water.  The  total  surface  ai'ea  represented  by  the  300  sensors  is  3.20/28.27  in“,  or  -  11%.  Measurements 
greater  than  1  indicate  leakers. 

Besides  process  optimization,  the  Al  grid  test  chip  was  used  to  demonstrate  pinhole  detection  in  a  second 
round  of  experiments.  Wafers  were  passivated  with  a  number  of  inorganic  barrier  coatings  including  7  kA  of  Si3N4 
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(NH3  ~  based  SiN  typically  used  for  chip  passivation).  The  results  of  a  wafer  level  diffusion  experiment  are  shown 
in  Fig.  5,  where  all  300  of  the  0.100  inch  square  porous  Si  sensors  on  a  SiN  passivated  wafer  were  measured  with 
an  LCR  meter  before  and  after  a  1 2  hour  soak  in  DI  water.  The  graph  shows  the  ratio  of  Cfina/Qnitiai  as  a  function  of 
sensor  location.  A  ratio  of  1  signifies  a  '‘non-leaker”  and  ratios  of  greater  than  1  represent  “leakers”  with  the 
magnitude  of  the  ratio  functionally  dependent  on  the  diffusion  rate  and  therefore  related  to  the  defect  cross-section. 
The  sensors  are  sealed  during  the  SiN  deposition  process  in  a  vacuum  devoid  of  moisture,  so  the  capacitance 
measurements  of  the  non-leakers  represent  a  “dry”  capacitance.  Leakers  respond  not  only  to  the  highly 
concentrated  moisture  source  presented  during  DI  water  immersion,  but  also  to  the  partial  pressure  of  water  vapor 
in  the  room  ambient,  -35%  RH  in  our  facility.  In  other  words,  a  leaker  will  eventually  reveal  itself  during  storage 
in  ambient  conditions.  The  wafer  in  Fig.  5  was  remeasured  periodically  and  the  non-leakers  remained  unchanged 
affer  3  months  of  storage  in  the  room  ambient.  The  leakers  were  still  evident,  but  with  different  magnitudes 
reflecting  equilibration  to  a  reduced  moisture  source. 
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Fig.  6,  Layout  for  the  NAT-01  moisture  and  coiTosion  test  chip.  A1  triple  tracks  are  2  pm  lines  and  spaces  and  each  of 
the  four  sensing  regions  ai*e  -  915  pm  square. 

Test  chip  layout:  Based  on  the  previous  experimental  work,  a  2  pm  minimum  feature  size  was  chosen  for  the 
A1  grid  electrode  covering  the  porous  Si  sensors.  The  corrosion  triple  tracks  were  laid  out  using  the  same  design 
rules.  The  layout  maximizes  the  surface  area  of  four  sensing  regions  within  the  space  available  after  allowing  for  a 
perimeter  string  of  120  pm  bondpads  on  a  0.100  inch  design  area.  Two  of  the  sensors  are  A1  triple  track  corrosion 
structures,  one  passivated  with  standai*d  SiN  and  the  other  unpassivated.  The  other  two  sensors  have  the  same 
layout  except  that  the  triple  tracks  are  tied  together  at  the  end  to  form  the  upper  electrode  of  a  porous  Si  capacitor. 
Bondpads  not  used  for  signal  I/O  are  used  as  ohmic  contacts  to  the  substrate  which  serves  as  the  lower  electrode  of 
the  moisture  sensor  capacitors.  The  layout  is  shown  in  Fig.  6,  and  bondpad  position  data  is  contained  in  Table  L 
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TABLE  L  NAT  01  bondpad  position  data. 


Signal 

.x- position 
(pim) 

y-position 

(ixm) 

- - n 

Pad  1 
Nr. 

Signal 

x-position 

(urn) 

>^-position 

(urn) 

Pad 

Nr. 

MSI 

-1100 

-1100 

1 

TT1P_CENA 

880 

1100 

19 

SUBl 

-1100 

-880 

2 

mP_OUTERA 

1100 

1100 

20 

TTIJNNERB 

-1100 

-220 

5 

TTlP_OUTERB 

1100 

220 

24 

TT_CEN2 

-1100 

0 

6 

TT_CEN1 

1100 

0 

25 

TTIPJNNERB 

-1100 

220 

7 

TTl_OUTERB 

1100 

-220 

26 

SUB2 

-1100 

880 

10 

TTl„OUTERA 

1100 

-1100 

30 

MSIP 

-1100 

1100 

11 

TT1_CENA 

880 

-1100 

31 

TTIPJNNERA 

660 

1100 

18 

TTIJNNERA 

660 

-1100 

32 

1.  NITRIDE  DP  -  DEPOSIT  14aoA  CVD  SILICON  NITRIDE 

2.  NITBKETCH  -  PLASMA  ETCH  NITRIDE  OFF  BACKSIDE 


3.  ANOD  PH0T02  -  PHOTO  MASK  FOR  ANOD  WINDOW 

4.  NTRD  ETCH  -  FORM  ANODIZATION  WINDOW  IN  SiN 

5.  PRST  -  PHOTORESIST  STRIP 


6.  ANODIZATION 


^  1400A  CVD  SiN 


1200ATEOS^ 


7.  SPCL  TEOS1  -  DEPOSIT  1200A  LPCVD  TEOS 

L 


8.  PSEL  PHOTO  -  PHOTO  MASK  FOR  SUB  CON  IMPLANT 

9.  NIT  ETCH  -  PLASMA  ETCH  1200A  TEOS  &  1400A  SiN 

10.  P  S/D  IMP  -  IMPLANT  2E15  @  30  KEV  BORON  (p+) 

11 .  PS/D  PRST  -  PHOTO  RESIST  STRIP 

12.  NS/DANNEAL  IMPLANT  ANNEAL 


13.  SP  MET1  DP  -  DEPOSIT  SOOOA  Al 

14.  METAL1  PHT  -  PHOTO  MASK  FOR  METAL 

15.  SPC  METET3  -  PLASMA  ETCH  METAL1 

16.  AL  SINTER  ■■  SINTERING  STEP 


SOOOA  Ai 


17.  OXIDE  ET1  -  PLASMA  ETCH  TEOS  LAYER 


18.  PCVD  NITRD  -  DEPOSIT  7000A  PLASMA  CVD  SiN 

19.  CAPS  PHOTO  -  PHOTO  MASK  FOR  PASSIVATION 

20.  PLSMNITET  -  PLASMA  ETCH  WINDOWS  IN  PASS 

21 .  PRST  -  PHOTORESIST  STRIP 


7000A  SiN  passivation 


Fig,  7.  Processing  flow  for  NAT-01  test  chip. 
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Process  Steps:  The  fabrication  flow  of  NAT-01  is  shown  in  Fig.  7.  Starting  material  is  0.14-0.30  Q-cm  p- 
type  [100]  Si  wafers.  A  1400A  SiN  layer  is  deposited  and  patterned  photolithographically  to  form  the  anodization 
mask.  SiN  has  a  relatively  slow  etch  rate  in  the  HF  anodization  bath.  The  anodization  process  is  carried  out  in  a 
two-sided  electrochemical  cell,  as  described  earlier.  After  anodization,  the  porous  Si  layer  is  protected  during 
subsequent  processing  with  a  1200A  oxide  layer  (LPCVD  TEOS),  which  also  acts  to  prevent  backetching  and 
delamination  of  the  A1  metal  grid  during  later  processing.  Next,  the  p+  substrate  contacts  are  implanted  and 
annealed.  A1  is  deposited  and  plasma  etched.  The  TEOS  layer  protecting  the  porous  Si  acts  as  an  etch  stop  during 
this  step.  The  remaining  TEOS  between  the  .A1  grid  lines  is  removed  next.  The  final  step  is  deposition  and  etch  of 
7000A  PCVD  SiN  for  passivation. 


Task  4.2  -  Develop  Test  Procedures 

This  section  describes  possible  methods  for  characterizing  IC  moisture  barrier  coatings  and  epoxy  molding 
compounds  or  liquid  encapsulants  using  the  NAT-01  test  chip.  These  ai'e  general  guidelines  that  can  be  tailored  to 
specific  situations  by  the  user. 


No  passivation 


Post  bond  barrier 
coating  over 
bare  chip 


SiN  passivation 


Post  bond  barrier 
coating  over 
SiN  passivation 


Fig,  8,  Test  set-up  and  possible  expeiimental  conditions  for  the  NAT-01  porous  Si  MS. 


Moisture  Sensor  Procedures:  The  moisture  sensor  (MS)  is  used  to  detect  changes  in  the  concentration  of 
vapor  phase  moisture  at  the  chip  surface.  This  is  done  by  measuring  the  change  of  capacitance  across  the  moisture 
sensitive  porous  Si  dielectric  before  and  after  exposure  to  a  moisture  source  using  a  common  LCR  or  capacitance 
meter.  Typical  ‘‘dry”  capacitance  readings  for  either  NAT-01  MS  are  ~  25  pF  at  1  kHz  using  a  1  V  source.  Readings 
ai'e  often  normalized  to  facilitate  comparison  by  calculating  fractional  changes  in  capacitance,  (C-Co)/Co.  The 
passivated  MS  should  not  exhibit  measurable  changes  in  capacitance  at  room  temperature  from  the  initial  post¬ 
fabrication  readings  as  long  as  the  SiN  film  remains  intact.  Since  the  passivated  MS  is  protected  during  and  after 
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the  fabrication  process  from  exposure  to  organic  contaminates  that  can  affect  the  hydrophilicity  of  the  pore  walls, 
its  intrinsic  sensitivity  is  significantly  greater  than  the  unpassivated  MS.  Experimental  measurements  discussed 
later  in  this  document  show  order  of  magnitude  differences  in  sensitivity. 

Fig.  8  illustrates  four  possible  experimental  conditions  for  use  of  the  two  moisture  sensors.  The  first  case  is 
for  the  unpassivated  MS.  Here,  the  permeability  of  the  epoxy  molding  compound  (or  liquid  encapsulant)  to  vapor 
phase  moisture  is  estimated  by  measuring  the  change  in  capacitance  as  a  function  of  time  during  exposure  of  a 
previously  dried  out  part  to  a  known  moisture  concentration  at  a  controlled  temperature.  Changes  in  weight 
corrected  for  non-absorptive  package  components  (lead  frames,  die)  are  also  recorded.  This  process  is  carried  out 
until  both  measurements  indicate  the  package  has  reached  equilibrium  conditions  with  the  external  moisture  source. 
Using  the  gravimetric  data,  a  diffusion  coefficient  can  be  obtained  from  the  linear  part  of  a  plot  of  mass  uptake,  M/, 
against  root  time  using  Eq.  (1)^. 

M  4(  DtY 

Tf'TlTj  <" 


Solving  Eq.(l)  for  the  diffusion  constant  in  terms  of  the  slope,  the  diffusion  coefficient  is  calculated  by. 


jl] 

4M_j 


(2) 


where  k  is  the  slope  of  the  linear  portion  of  the  plot  of  M,  vs. 

It  should  be  noted  that  Eqs.  (1)  and  (2)  assume  Case  1  or  “Fickian”  diffusion  in  the  polymer.  Fickian 
diffusion  is  characterized  by  sorption  and  desorption  curves  as  functions  of  the  square  root  of  time  that  are  linear  in 
the  initial  stage.  This  is  generally  the  case  with  epoxy  molding  compounds,  but  estimates  of  the  diffusion 
coefficient  based  on  experimental  weight  gain  measurements  assume  one-dimensional  penetration  along  two 
surfaces,  and  thus  are  done  on  thin  strips  of  material.  A  molded  part  will  have  edge  effects  that  can  possibly  skew 
the  Ml  vs.  curve  to  the  extent  that  it  is  not  linear  in  the  initial  stage. 

The  fractional  change  in  capacitance  of  the  unpassivated  MS  will  reflect  the  moisture  flux  at  the  chip 
surface  during  the  diffusion  process.  In  order  to  make  quantitative  measurements  of  surface  flux,  it  would  be 
necessary  to  calibrate  the  packaged  sensors  at  various  known  moisture  concentrations.  The  capacitance  response 
would  be  recorded  after  the  readings  ceased  to  change,  indicating  equilibrium  between  the  inside  and  outside  of  the 
package. 

The  second  experimental  condition  is  the  unpassivated  MS  coated  with  a  postbond  moisture  barrier  coating 
as  shown  in  Fig.  8.  These  coatings  are  normally  applied  in  a  vacuum  using  a  plasma  CVD  or  sputtering  process,  and 
therefore  a  sensor  protected  with  a  defect  free  coating  would  be  expected  to  exhibit  “dry”  capacitance  readings  of  ~ 
25  pF  at  all  times.  If  there  is  variation  from  this  measurement,  particularly  as  a  function  of  time,  it  could  be 
concluded  that  a  defect  exists  in  the  coating.  The  rate  of  change  in  capacitance  of  an  unpackaged  sensor  during 
exposure  to  a  step  change  in  ambient  moisture  concentration  is  functionally  related  in  to  defect  characteristics,  such 
as  cross-section,  crack  vs.  pinhole,  etc.  Assuming  that  “non-leakers”  were  packaged  with  epoxy  molding  compound 
or  liquid  encapsulant,  subsequent  changes  in  capacitance  from  the  baseline  would  indicate  packaging-related 
damage  to  the  postbond  barrier  coating.  Exposure  of  packaged  parts  to  extremely  high  moisture  concentrations  in  a 
HAST  or  pressure  cooker  system  would  accelerate  the  detection  of  small  defects  with  low  effective  diffusion  rates. 

The  third  and  forth  experimental  conditions  illustrated  in  Fig.  9  involve  the  passivated  MS  with  and  without 
a  postbond  barrier  coating.  The  former  is  a  measure  of  the  protective  properties  of  the  SiN  passivation  film  applied 
during  fabrication  of  the  sensor,  and  the  latter  reflects  the  combined  protection  offered  by  both  coatings.  HAST  or 
pressure  cooker  tests  would  aid  in  rapid  isolation  of  leakers. 

Corrosion  Detector  Procedures:  The  Corrosion  Detector  (CD)  triple  track  structures  are  used  to  characterize 
the  susceptibility  of  a  molded  or  liquid  encapsulated  part  to  electrochemical  corrosion  in  the  presence  of  moisture 
and  ionic  contaminants  that  originate  in  the  molding  compound  or  molding  process.  An  electric  field  present 
between  alternate  tracks  will  sweep  these  ionics  toward  an  anodic  or  cathodic  A1  electrode  and  initiate  an 
electrochemical  corrosion  process  in  the  presence  of  moisture,  A  failure  is  considered  to  be  an  electrically  open 


^  M.  T.  Goosey,  “Permeability  of  Coatings  and  Encapsulants  for  Electronic  and  Optoelectronic  Devices,”  in 
Polymer  Permeability,  edited  by  J.  Comyn,  Elsevier  Applied  Science  Publishers,  New  York,  (1985). 
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track.  Track  resistance  measurements  are  normally  made  ''off-line”  and  the  parts  are  then  reintroduced  into  the 
testing  environment.  Testing  proceeds  until  sufficient  failures  are  observed  so  that  an  estimate  can  be  made  of  the 
failure  distribution  function,  at  a  minimum  tso,  or  time  until  50%  of  the  population  fails.  Failure  statistics  for 
molded  parts  generally  follow  an  Eyring  relationship.^  One  Eyring  model  often  cited  is  the  Peck  relationship,^ 

E  " 

X  ~  A{RH)  exp  —  (3) 

IkT] 


where  ;i=2,7  and  E-Q.19  eV  are  estimates  based  on  an  extensive  literature  survey  of  product  failures  during 
accelerated  temperature  and  humidity  testing.  One  criticism  of  this  model  is  its  lack  of  a  voltage  acceleration  factor. 
Data  are  commonly  plotted  on  lognormal  charts  to  aid  in  visual  identification  of  failure  regimes.  A  failure 
distribution  reflecting  a  single  failure  mechanism  will  appear  as  a  straight  line  on  a  lognormal  chart. 
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Fig.  9.  Test  set-up  and  possible  expeiimental  conditions  for  the  NAT-01  CD. 

Fig.  9  illustrates  four  possible  experimental  conditions  in  which  the  passivated  and  unpassivated  CD  can  be 
used  during  accelerated  stress  testing.  The  unpassivated  CD  is  very  sensitive  to  the  presence  of  ionic  contaminates 
and  will  coiTode  quickly  under  biased  temperature  and  humidity  testing.  The  unpassivated  CD  protected  with  a 
postbond  moisture  bturier  coating  would  measure  the  protective  properties  of  the  coating  during  accelerated  testing. 
The  passivated  CD.  both  with  and  without  postbond  coating,  would  also  test  moisture  barrier  properties. 
Electrochemical  con^osion  of  the  biased  tracks  can  only  occur  where  there  is  a  breach  in  the  barrier  coating.  In 

^  W.  Nelson  \u  Accelerated  Testing  Statistical  Models.,  Test  Plans,  and  Data  Analyses ,  John  Wiley,  New  York, 
(1990). 

D.  S.  Peck,  'Comprehensive  Model  for  Mumidity  Testing  Correlation”  Proceedings  of  the  International 
Reliability'  Phxsics  Sxnjposiunc  24,  44  -50  ( 1986). 
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practice,  reasonably  good  SiN  passivation  coatings  will  protect  the  high  field  region  of  biased  triple  tracks  beyond 
the  point  at  which  other  failure  mechanisms  appear,  for  instance,  corrosion  of  the  Au/Al  bondwire  to  bondpad 
interface.  It  is  important  to  perform  failure  analysis  in  these  cases  so  that  the  actual  failure  mode  can  be  identified. 

Fig.  10  contains  a  functional  diagram  of  the  NAT-01  test  chip  showing  typical  measurement  equipment 
connection  for  electrical  testing.  The  chip  bondpads  only  are  shown  for  simplicity,  but  a  package  part  would  include 
a  die-to-device  pin  diagram. 


Fig.  10.  Typical  electrical  measurement  set-up  for  NAT-01.  Capacitance  measurements  should  be  -25  pF  for  the  (non¬ 
leaking)  passivated  MS  and  >25  pF  for  the  unpassivated  MS,  The  CD  triple  tracks  should  read  -  2200Q. 


Task  4.3.1  -  Moisture  Sensor  (MS)  Characterization 

All  MS  calibrations  were  done  with  a  locally  fabricated  precision  humidity  generator.  This  source  is  capable 
of  producing  a  1  liter  per  minute  constant  flow  of  N2  carrier  gas  containing  moisture  concentrations  from  <  50  ppmv 
to  >10,000  ppmv  at  room  temperature.  The  gas  is  passed  over  the  devices  under  test  that  are  contained  within  a  test 
fixture  and  then  enters  the  measurement  head  of  an  optical  dewpoint  hygrometer.  A  functional  layout  of  the 
humidity  generator  is  shown  in  Fig.  1 1 .  A  data  acquisition  system  was  developed  for  controlling  settings  of  the 
mass  flow  controllers,  making  capacitance  measurements  on  the  devices  under  test,  and  interrogating  the  optical 
dewpoint  hygrometer. 

High  Temperature  Performance:  A  series  of  experiments  were  performed  to  characterize  the  sensitivity  of 
the  NAT-01  MS  to  elevated  temperature  cycles  in  various  ambients.  The  original  requirement  for  this  capability 
was  the  need  for  the  MS  to  survive  application  of  the  Dow  Corning  postbond  moisture  barrier  coating,  which 
originally  had  a  cure  schedule  that  reached  275°C.  Since  it  was  not  clear  exactly  what  gaseous  environment  the  MS 
would  see  during  this  process,  the  high  temperature  characterization  encompassed  air,  N2,  and  vacuum.  Results 
from  these  tests  are  shown  in  the  following  Figs.  12-14. 

Results  show  that  the  unpassivated  MS  sensitivity  to  moisture  decayed  approximately  35%  for  air,  30%  for 
N2,  and  28%  for  vacuum  ambients,  respectively,  after  temperature  exposure  and  ambient  storage.  This  is  clearly  a 
concern  for  applications  in  which  the  absolute  sensitivity  must  be  invariant  after  temperature  excursions,  but  for 
pinhole  or  defect  detection  in  moisture  barrier  coatings,  it  is  probably  not  an  issue.  The  experiment  does 
demonstrate  that  the  MS  can  survive  high  temperature  exposures  for  extended  periods  of  time  without  losing 
functionality. 
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Fig.  1 2.  NAT-01  MS  calibration  measurements  after  exposure  to  air  at  300°C  for  4  hours.  Measurements  were  made 
immediately  after  exposure,  and  then  after  10  and  20  days,  respectively,  of  ambient  storage.  Plot  is  in  %  change  of 
capacitance  vs.  square  root  of  moisture  concentration.  Lower  legend  is  in  ppm,  for  reference. 
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Fiii.  13.  NAT-Ql  MS  calibration  measurements  after  exposure  to  vacuum  at  300'^  for  4  hours.  Measurements  were  made 
immediately  after  exposure,  and  then  after  10  and  20  days,  respectively,  of  ambient  storage.  Plot  is  in  %  change  of 
capacitance  vs.  square  root  of  moisture  concentration  Lower  legend  is  in  ppn\  for  reterence. 


0  400  1600  3600  6400  1  0,000 
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Fie.  14.  NAT-01  MS  calibration  measurements  after  exposure  to  Hi  at  300°C  for  4  hours.  Measurements  were  made 
imWdiately  after  exposure,  and  then  after  10  and  20  days,  respectively,  of  ambient  storage.  Plot  is  in  %  change  of 
capacitance  vs.  .square  root  of  moisture  concentration.  Lower  legend  is  in  ppn\.  for  reference. 


Moisture  Diffusion  Experiments:  The  purpose  of  this  work  was  to  d  monstrate  the  u.se  of  the  passivated  and 
unpassivated  MS  during  conditions  of  package  dry-out  and  moisture  ingress.  The  dry-out  condition  was  100°C  at 
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10'’  Torr.  The  moisture  ingress  experiments  were  initiallv  performed  using  a  Thunder  Scientific  Humidity 
Generator  at  SOT  and  857f  RH.  which  is  a  moisture  concentration  of  approximately  1 18.000  ppmv  Later,  diffusion 
experiments  were  carried  out  in  parallel  with  ongoing  HAST  experiments  on  the  CD  at  159  C  and  85%  RH. 

Fig.  15  shows  some  results  from  a  diffusion  experiment  using  a  vacuum  oven  for  dry-out  and  the  Thunder 
Scientific'unit  for  wet-up.  These  data  are  for  a  group  of  NAT-01  test  chips  molded  in  14-lead  DIPs  using  Plaskon 
3400-2  (preconditioned)  epoxy  molding  compound,  and  are  representative  of  data  from  the  other  material  splits  in 
the  overall  experiment.  The  unpassivated  MS  data  track  the  ambient  moisture  concentration,  and  the  passivated  MS 
data  split  into  two  apparent  groups.  One  group  roughly  tracks  the  external  humidity,  suggesting  defects  or  pinholes 
in  the  passivation,  while  the  other  group  is  essentially  straight  line  with  a  gradual  trend  toward  increasing  readings. 
The  latter  could  be  due  to  increa.ses  in  fringe  field  capacitance  due  to  moisture  build-up  on  the  molding  compound 
side  of  the  passivation. 
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Fig.  15.  NAT-01  MS  response  as  a  function  of  time  during  dry/wet  cycle  using  a  Thunder  Scientific  moisture  source. 
PiLssivated  sen.sors  (Q)  .show  two  trends:  ’‘leakers”  that  appear  to  follow  the  swing  in  ambient  mofsture  concentration,  and 
“non-leaker,s”  that  are  relatively  unresponsive.  Unpassivated  .sensors  (O)  track  the  swing  in  ambient  moisture 
concentration. 

A  second  moisture  ingress  e.xperiment  was  run  in  conjunction  with  HAST  testing  of  the  CD.  In  this 
experiment,  NAT-01  test  chips  molded  in  68-lead  PLCCs  using  Plaskon  ULS12H  and  ULS12H-X  ultra-low  stress 
molding  compounds  (-X  material  containing  ionic  scavengers).  A  control  group  of  hermetically  sealed  ceramic 
parts  were  also  present.  The  unpassivated  MSs  were  measured  before  and  at  predetermined  off-line  intervals  during 
HAST  at  159°C  and  85%  RH.  These  data  are  shown  in  Fig.  16  plotted  as  fractional  changes  in  capacitance  vs.  time. 
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Fig.  16.  NAT-01  unpassivated  MS  response  during  HAST  at  159X  and  85"^  RH.  Two  groups  were  molded  in  68-lead 
PLCCs  using  Plaskon  ultra-low  stress  compounds  ULS12H  (V)  and  ULS12H-X  (A),  and  a  ceramic  control  group  (□). 
Plot  is  fractional  change  in  capacitance  as  a  function  of  time.  One  “leaker"  is  evident  in  the  control  group.  The  drop-oif  in 
response  of  some  of  the  molded  parts  is  due  to  coiTosion  of  the  A1  electrode. 


Fig.  17.  NAT-01  passivated  MS  response  during  HAST  at  159°C  and  85%  RH.  Devices  were  molded  in  14-lead  DlPs 
using  different  Plaskon  molding  compounds.  Plot  is  fractional  change  in  capacitance  as  a  function  of  time.  Data  are 
groirped  by  devices  showing  leaks  (ii)  and  devices  showing  no  leaks  (©)  irrespective  of  molding  compound.  First 
measurement  is  at  20  hours.  (Note  break  in  time  axis  ) 
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The  first  off-line  measurement  interval  was  at  20  hours,  and  it  can  be  seen  that  the  unpassivated  MS  responses 
indicate  equilibrium  moisture  concentration  at  the  chip  surface  at  this  point  in  time.  The  ceramic  control  parts  were 
non-responsive  with  the  exception  of  one  leaker.  At  approximately  200  hours,  the  response  of  some  of  the  devices 
dropped  off  toward  negative  fractional  changes.  Failure  analysis  results  showed  that  the  A1  electrodes  in  these 
devices  had  decomposed  due  to  corrosion  resulting  in  open  circuit  capacitance  readings  of  7  -  15  pF.  Of  particular 
interest  is  the  fact  that  corrosion  of  A1  grids  occurred  only  with  ULS12H  parts.  The  low  ionics  group  (ULS12H-X) 
appeared  unaffected  during  the  course  of  the  experiment,  suggesting  lower  susceptibility  to  electrochemical 
corrosion.  HAST  failure  data  described  in  the  next  section,  also  discriminated  between  materials  with  and  without 
ionic  scavengers. 


Fig.  18.  NAT-01  MS  response  of  passivated  MSs  at  first  (20  hour)  off-line  measurement  point  during  HAST  at  159°C  and 
85%  RH.  Each  bar  represents  fractional  change  in  capacitance  of  an  individual  part  molded  in  14-lead  DIPS,  unless 
specified  as  SOIC,  using  the  PUrskon  molding  compound  shown  at  the  bottom,  The  parts  are  further  divided  into  “not 
preconditioned”  (-1),  and  “preconditioned”  (-2). 


Moisture  Penetration  Though  Passivation  Experiments:  The  capacitive  responses  of  the  passivated  MS  in 
HAST  fall  into  two  groups:  non-lealcers  with  essentially  straight  line  response,  and  leakers  with  very  high  readings 
at  the  first  off-line  measurement  interval  followed  by  a  drop  off  to  open  circuit  readings  at  100-200  hours.  (Refer  to 
Fig.  17)  As  with  the  Thunder  Scientific  experiment,  failure  analysis  indicated  the  drop  off  was  associated  with 
corrosion  of  the  A1  grid.  HAST  conditions  were  159°C  and  85%  RH. 

Fig.  18  shows  the  passivated  MS  response  across  all  of  the  molding  compounds  at  the  first  measurement 
interval  (20  hours).  Groups  annotated  with  a  -2  were  preconditioned  by  National  Semiconductor  prior  to  shipping  to 
Sandia  for  further  testing.  The  National  Semiconductor  preconditioning  procedure  consists  of  30  temperature 
cycles  -65  to  +150°C,  bake  at  125“C  for  16  hours,  moisture  soak  at  85°C/30%  RH  for  168  hours,  3  IR  reflow  cycles 
at  230-250°C,  followed  by  flux  immersion  and  activation.  In  this  plot,  small  bars  mean  passivation  layer  with  little 
or  no  moisture  leak  rate.  Negative  responses  could  possibly  be  due  to  A1  grid  corrosion,  suggesting  leaks  through 
the  passivation  layer.  The  preconditioned  group  underwent  thermal  cycles  and  thermal  shock  that  could  potentially 
damage  the  passivation  layer,  and  it  would  be  logical  to  assume  that  they  would  exhibit  more  leaks  of  greater  defect 
size  than  the  non-preconditioned  parts.  However,  the  data  in  Fig.  18  show  the  opposite  trend,  a  result  that  is 
unexplained  at  this  time. 
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Task  4.3.2  -  Corrosion  Detector  (CD)  Characterization 

Characterization  of  the  CD  was  done  using  a  HAST-1000  system  from  Express  Test  operated  at  159°C/85% 
RH  and  5  VDC  bias.  There  were  two  objectives  to  this  work.  First,  to  demonstrate  the  operation  and  utility  of  the 
passivated  and  unpassivated  triple  track  corrosion  structures  under  experimental  conditions.  Second,  to  accumulate 
experimental  data  on  molded  test  chips  that  could  be  compared  to  HAST  data  from  Crane  and  Dow  Coming  on 
similar  parts  that  were  being  tested  in  parallel.  As  typical  failure  rates  were  not  known  at  the  onset,  relatively  short 
off-line  measurement  intervals  were  used  to  insure  that  early  failures  were  trapped.  The  measurement  interval 
started  at  20  hours  and  increased  in  steps  to  100  hours  where  it  remained  until  the  end  of  the  experiment. 


Fig.  19,  NAT-01  unpassivated  CD  triple  track  failure  distribution  during  HAST  at  159"C/85%  RH  and  5  VDC  bias  on  14- 
lead  DIPs  and  SOICs  molded  in  Plaskon  molding  compounds.  Plot  is  log-normal  showing  failures  observed  during  off-line 
measurement  intervals  in  a  norniai  probability  distribution  as  a  function  of  log  time.  Failure  data  for  parts  molded  in  B8, 
B14  and  3400  compounds  without  scavengers  are  grouped  and  shown  as  filled  squares  (■),  and  data  for  parts  molded  in 
3400X  with  scavengers  are  shown  as  filled  circles  (•).  The  3400X  parts  have  a  tf;o  of  5-  lOX  greater  than  the  parts  without 
scavengers. 

The  impassivated  CD  was  expected  to  be  very  sensitive  to  the  state  of  ionic  contamination  at  the  chip 
surface  and  within  the  molding  compound.  Biased  HAST  was  performed  on  14-lead  DIPs  and  SOICs  that  were 
molded  in  4  different  Plaskon  molding  compounds,  6  parts  to  a  material.  One  of  the  compounds,  3400X,  had  a 
special  ionic  scavenger  present  to  reduce  ionic  contamination.  Fig.  19  shows  data  from  this  experiment,  grouped  by 
-X  and  non-X  compounds  to  see  the  effect  of  ionic  scavengers.  As  can  be  seen  in  the  chart,  the  /so  (time  at  which 
50%  of  the  parts  in  a  distribution  have  failed)  increased  roughly  5-1  OX  for  parts  molded  with  the  -X  compound. 
Failure  analysis  showed  that  electrical  failures  were  due  to  corrosion  of  the  A1  triple  tracks  in  the  high  electric  field 
region.  It  should  be  noted  that  the  data  in  Fig,  19  are  averaged  over  all  triple  tracks,  both  anodic  and  cathodic. 

NAT-01  parts  from  the  same  groups  were  forwarded  to  both  Dow  Coming  and  Naval  Surface  Warfare 
Center  Crane  for  parallel  testing  using  the  same  159°C  and  85%  RH  HAST  conditions.  Cumulative  failure  data  for 
the  unpassivated  CDs  are  shown  in  Table  II.  Although  the  data  do  not  fit  the  distribution  suggested  by  Fig.  19,  there 
is  a  similar  trend  evident  in  the  Dow  Coming  -X  parts  in  terms  of  reduced  failure  rate.  These  data  illustrate  the 
difficulty  in  making  generalizations  based  on  failures  out  of  very  small  populations  sampled  at  wide  intervals.  A 
more  statistically  valid  approach  shedding  more  light  on  failure  mechanisms  would  involve  more  parts  per  molding 
compound  sampled  at  shorter  intervals  and  would  separately  analyze  anodic  and  cathodic  failure  data.  A  SEM 
micrograph  of  a  typical  unpassivated  triple  track  failure  for  a  decapsulated  part  tested  at  Crane  is  shown  in  Fig.  20. 
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Fig.  20,  SEM  micrograph  of  decapsulated  NAT-01  impassivatcd  CD  that  failed  during  HAST  at  159°C/85‘7r  RH  with  5 
VDC  bias  between  tracks.  This  part  was  molded  in  a  14-lead  DIP  using  Plaskon  3400  molding  compound. 


TABLE  II.  NAT-Ol  unpassivated  CD  cumulative  failure  data  from  Dow  Corning  (DC)  and  Crane  during 
HAST  at  159°C/85%  RH  and  5  VDC  bias.  Data  are  shown  as  number  failed  out  of  total  population.  Blanks  are 
where  no  data  were  taken.  The  Crane  data  for  DIPs  includes  both  preconditioned  and  non -preconditioned  sub¬ 
groups. 
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72h 

108h 

216h 

312h 

432h 

648h 
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DC/68L  PLCC 
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9/9 

9/9 

X9074.()7 

DC/68L  PLCC 

9/9 

9/9 

9/9 

9/9 

9/9 

9/9 

ULS12H 

DC/68L  PLCC 

9/9 

9/9 

9/9 

9/9 

9/9 

9/9 

ULS12HX 

DC/68L  PLCC 

4/9 

7/9 

7/9 

7/9 

9/9 

9/9 

B8 

Crane/ 14L  DIP 

17/17 

17/17 

17/17 

3400 

Crane/ 14L  DIP 

16/16 

16/16 

16/16 

3400X 

Crane/ 1 4L  DIP 

13/17 

13/17 

13/17 

B14 

Crane/ 14L  SOIC^'^ 

5/7 

6/7 

6/7 

3400 

Crane/ I4L  SOIC  '= 

5/5 

5/5 

5/5 

3400X 

Crane/ 14L  SOIC* 

8/8 

8/8 

8/8 

*  The  30  VDC  bias  group  was  excluded. 


It  would  be  expected  that  the  passivated  CD  would  be  less  sensitive  to  ionic  contamination  originating 
within  the  molding  compound  and  more  sensitive  to  defects  or  pinholes  in  the  SiN  passivation  (or  other  barrier 
coating).  This  is  true  up  to  the  point  at  which  bondpad  corrosion  develops  and  becomes  the  dominant  failure 
mechanism,  which  appears  to  be  the  case  for  most  of  the  passivated  CD  failures.  Data  from  the  same  HAST 
experiment  described  above  can  be  grouped  according  to  preconditioned  and  non-preconditioned  parts,  showing  the 
effect  of  preconditioning  on  failure  rate.  This  is  .shown  in  Fig.  21  for  14-lead  DIPs  and  SOICs,  where  it  can  be  seen 
that  the  preconditioned  parts  show  a  reduction  in  Ao  of  -50%.  One  must  be  careful  in  ascribing  too  much  to  these 
data,  however,  as  the  difference  in  standard  deviations  (slopes)  of  the  two  series  suggest  convolution  with  one  or 
more  other  failure  mechanisms.  Failure  analysis  of  these  parts  showed  that  the  principle  failure  mechanism  was  a 
combination  of  Au^Aly  intermetallic  formation,  associated  Kirkendall  voiding  of  interface,  and  some  corrosion 
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activity  due  to  the  presence  of  moisture  and  ionic  contaminates.  Fig.  22  contains  a  SEM  micrograph  of  a  typical 
decapsulated  NAT- 01  part  that  exhibited  an  electrical  failure  of  the  passivated  CD  during  H  AST. 


Percent 
failed  % 


DIPS  &  SOICs  w/o  precondilioning 
DIPS  w/preconditioning 


Fig.  21.  NAT-0 1  passivated  CD  triple  track  failure  distribution  during  HAST  at  159°C/85%  RH  and  5  VDC  bias  on  14- 
lead  DIPs  and  SOICs  molded  in  Plaskon  molding  compounds.  Plot  is  log  normal  showing  failures  observed  during  off-line 
measurement  intervals  in  a  normal  probability  distribution  as  a  function  of  log  time.  Non-preconditioned  parts  are  shown 
as  filled  squares  (■),  and  preconditioned  parts  are  shown  as  filled  circles  (•)  The  preconditioned  parts  show  a  reduction 
in  of  -'50%. 


Fig.  22.  Decapsulated  NAT-Ol  test  chip  after  432  hours  of  HAST  by  Crane  at  159“C/85%  RH  and  5  VDC  bias,  showing 
bondwire/bondpad  voiding  failure  of  the  pa.ssivated  CD.  Bondwires  were  moved  to  the  side  for  clarity.  Note  voiding  in 
center  ol  bondpads  and  lack  of  any  signs  of  corrosion  in  the  high  field  region  of  the  tiiple  track  stnicture. 
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It  has  been  noted  in  the  literature  that  voiding  in  the  bondpad  interface  of  Au  bailbonded  A1  pads  can  be 
accelerated  in  the  presence  of  ionic  contamination/^  This  means  that  triple  track  corrosion  structures  protected  with 
reasonably  good  passivation  coatings  may  not  fail  in  the  high  electric  field  region  between  the  tracks,  as  intended, 
but  can  fail  elsewhere,  particularly  in  the  bondwire/bondpad  region.  Although  the  relatively  weak  electric  field 
present  between  the  bondpads  of  a  biased  triple  track  probably  influence  the  onset  of  electrochemical  corrosion  in 
this  region,  it  is  not  uncommon  to  observe  corrosion  of  unbiased  Au  bonded  A1  pads  and  unbonded  A1  pads  during 
failure  analysis  of  molded  parts  taken  from  HAST. 

Table  III  contains  cumulative  failure  data  for  the  passivated  CDs  during  HAST  at  Dow  Coming  and  Crane. 
Table  IV  contains  additional  HAST  failure  data  from  Dow  Coming  on  NAT-01  parts  mn  at  130°C/85%  RH  and  5 
VDC  bias.  The  Dow  Coming  data  for  159°C  HAST  shows  a  clear  improvement  in  time-to-fail  for  the  -X  group  over 
the  other  materials  except  for  the  B24,  which  has  a  similar  failure  trend.  There  is  no  reason  based  on  known 
material  properties  that  explains  why  the  B24  material  should  have  better  HAST  performance  than  the  other  non¬ 
scavenger  materials,  so  it  is  possible  we  are  seeing  normal  statistical  variance  in  a  small  sample  size.  On  the  other 
hand,  the  increased  time-to-fail  is  also  borne  out  by  the  130°C  HAST  data  from  Dow  Coming  in  Table  IV.  The 
Crane  data  shows  essentially  no  difference  in  the  materials  with  and  without  ionic  scavengers. 


TABLE  III.  NAT-01  passivated  CD  cumulative  failure  data  from  Dow  Corning  (DC)  and  Crane  during 
HAST  at  159°C/85%  RH  and  5  VDC  bias.  Data  are  shown  as  number  failed  out  of  total  population.  Blanks  are 
where  no  data  were  taken.  The  Crane  data  for  DIPs  includes  both  preconditioned  and  non-preconditioned  sub¬ 
groups. 
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1/8 

2/8 

2/8 

3/8 

X9074.07 

DC/68L  PLCC 

0/9 

2/9 

3/9 

8/9 

8/9 

9/9 

ULS12H 

DC/68L  PLCC 

0/9 

0/9 

0/9 

2/9 

4/9 

7/9 

ULS12H-X 

DC/68L  PLCC 

1/9 

1/9 

1/9 

1/9 

2/9 

2/9 

B8 

Crane/14L  DIP 

12/16 

14/16 

14/16 

3400 

Crane/14L  DIP 

9/15 

9/15 

9/15 

3400X 

Crane/I4LDIP 

10/17 

11/17 

11/17 

B14 

Crane/14L  SOIC* 

2/8 

4/8 

5/8 

3400 

Crane/I4L  SOIC* 

4/9 

8/9 

8/9 

3400X 

Crane/14L  SOIC* 

2/9 

5/9 

5/9 

*  The  30  VDC  bias  group  was  excluded. 


TABLE  IV.  NAT-01  passivated  and  impassivated  CD  cumulative  failure  data  from  Dow  Coming  (DC) 
during  HAST  at  130°C/85%  RH  and  5  VDC  bias.  Data  are  shown  as  number  failed  out  of  total  population. 


EMC 

Passivated  CD 

Unpassivated  CD 

216h 

432h 

648h 

864h 

1080h 

216h 

432h 

648h 

864h 

1080h 

B24 

0/9 

1/9 

1/9 

1/9 

1/9 

9/9 

9/9 

9/9 

9/9 

9/9 

X9074.07 

0/9 

0/9 

1/9 

3/9 

4/9 

9/9 

9/9 

9/9 

9/9 

9/9 

ULSI2H 

0/9 

0/9 

0/9 

0/9 

1/9 

7/8 

8/8 

8/8 

8/8 

8/8 

ULS12H-X 

1/9 

2/9 

2/9 

2/9 

2/9 

7/8 

7/8 

7/8 

7/8 

7/8 

G.  G.  Harman,  in  Reliability  and  Yield  Problems  of  Wire  Bonding  in  Microelectronics  ^  International  Society  for 
Hybrid  Microelectronics,  (1989). 
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Task  4.4  -  Moisture  Test  Specihcation 

At  the  inception  of  this  program  in  1992,  it  was  envisioned  that  Sandia  would  develop  a  test  specification 
similar  to  JEDEC  Test  Method  AllO  for  HAST  that  would  specify  how  to  test  quasi-hermetic  packages  for 
moisture  intrusion.  The  term  “quasi-hermetic”  is  intended  to  mean  some  degree  of  hermeticity  afforded  to  a  non- 
hermetic  plastic  encapsulated  microelectronic  (PEM)  part  by  a  combination  of  moisture  barrier  coatings  and  low 
diffusion,  low  moisture  solubility  epoxy  molding  compounds.  The  NAT-01  test  chip  was  designed  around  this 
concept  and,  based  on  experimental  results  described  in  this  document,  it  appears  to  perform  this  function. 
However,  a  moisture  barrier  coating  technology  has  not  evolved  that  can  protect  both  the  chip  A1  metalization  and, 
more  importantly,  the  Au/Al  bondwire^ondpad  interface  from  electrochemical  corrosion. 

On  the  other  hand,  experimental  evidence  continues  to  accumulate  suggesting  that  a  combination  of  a  good 
SiN  passivation  coating  and  a  low-ionics  molding  compound  can  result  in  long  times-to-fail  in  the  most  aggressive 
HAST  environments  -  environments  so  severe  that  some  wonder  if  failure  mechanisms  are  being  generated  that  are 
not  representative  of  real  life  conditions.  This  not  to  say  that  the  Au/Al  intermetallic/voiding/corrosion  process 
observed  at  the  bondpads  in  this  and  other  work  is  not  a  general  reliability  concern,  but  it  is  to  say  that  it  may  not  be 
a  reliability  concern  for  many,  if  not  most,  application  environments. 

The  NAT-01  test  chip  does  provide  a  means  of  evaluating  important  physical  properties  of  organic  and 
inorganic  materials  used  in  plastic  encapsulated  microelectronic  parts  in  a  laboratory  setting,  and  will  be  valuable  in 
the  development  and  characterization  of  potential  wafer-level  or  post-bond  moisture  barrier  coatings  as  well  as  new 
molding  compounds  with  enhanced  corrosion  prevention.  The  procedures  and  guidelines  contained  in  this 
document  should  be  sufficient  for  most  users  to  perform  these  experiments.  But  it  would  appear  premature  to 
suggest  revisions  or  additions  to  a  reliability  testing  specification  that  would  prescribe  detection  or  measurement  of 
moisture  diffusion  through  barrier  coatings  that  do  not  yet  or  may  never  exist. 

Task  4.5  -  Stress  Measurement  using  ATC04 

As  mentioned  in  the  Task  Description  section,  this  task  was  added  on  mid  way  through  the  program  based 
on  input  from  industry  observers.  The  purpose  was  to  measure  and  compare  the  stress  properties  of  the  molding 
compounds  developed  for  the  PPA  program,  including  the  new  ultra-low  stress  formulations.  A  secondary  objective 
was  to  monitor  the  changes  in  stress  brought  about  by  the  process  of  preconditioning.  In  this  section,  the  ATC04 
test  chip  will  be  described,  followed  by  the  experimental  plan,  and  experimental  results. 


Fig.  23.  Schematic  of  1  of  25  piezoresistive  stress  sensing  and  temperature  measurement  cells.  The  address  circuitry  is  not 
shown.  A  current  is  applied  to  terminals  Xj  and  Y  j  and  the  resultant  voltage  is  measured  across  X2  and  ¥2* 
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ATC04  Test  Chip:  The  ATC04  chip  is  fabricated  in  a  2  jim  twin-tub  CMOS  process  and  operates  at  5  V. 
The  chip  is  square,  ~  0.25  in.  on  a  side,  and  all  required  bondpads  are  replicated  on  each  side  of  the  die.  The  test 
chip  contains  an  array  of  25  stress  sensing  cells,  each  approximately  200  |im  on  a  side,  with  a  diode  thermometer  in 
the  center  of  each  cell  A  cell  contains  four  n-type  and  four  p-type  piezoresistors  for  mechanical  stress 
measurement  and  a  diode  for  temperature  measurement.  Each  cell  is  addressable,  either  by  sending  it  a  9-bit 
address  word  or  by  sequentially  addressing  with  a  clock  toggle.  Measurements  are  then  made  using  a  four  terminal 
or  Kelvin  technique,  with  two  connections  for  a  current  source  and  two  for  a  voltage  measurement  device.  A  single 
cell  is  shown  schematically  in  Fig.  23. 

The  use  of  four  resistors  of  each  doping  type,  two  parallel  to  the  chip  edges  ([110],  [110]  directions)  and 
two  on  45°  diagonals  ([100],  [010]  directions),  facilitates  obtaining  the  maximum  amount  of  information  possible 
from  planar  stress  sensors  on  <100>  Si.  In  particular,  the  in-plane  shearing  stress,  and  the  in-plane  normal 
stress  difference,  can  be  measured  to  high  accuracy,  while  the  individual  diagonal  stress  tensor 

components,  and  o^,  can  be  measured  at  reduced  accuracy.  The  basic  ATC04  layout  is  shown  in  Fig.  24. 

With  the  exception  of  the  polysilicon  heaters,  all  bondpads  are  replicated  on  each  side  of  the  die  to  facilitate 
perimeter  access  to  the  piezoresistor  cells  v^hen  using  arrays  of  ATC04  to  simulate  large  die. 


VPP 
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A1 

A2 

A3 

A4 
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A6 

A7 

AS 
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SET 

HTi^l 

HTR1 

RESETS 

CLKSEL 
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Y2 

XI 

X2 

M1JH 

M1_CLK 

M1_OUT 
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M2_CLtC 

M2_0UT 

V55 


Fig  24.  Basic  ATC04  layout  showing  locations  of  stress  sensor  cells.  The  &st  27  bondpads  ai'e  replicated  around  the  die 
except  for  the  heaters,  which  aie  unique  to  each  side.  Stress  cells  ai*e  numbered  1  through  25,  as  shown. 


Fig.  25.  One  of  25  stress  cell  piezoresistor  rosettes  with  center  diode  for  temperature  compensation.  Each  rosette  contains 
4  p"type  and  4  n-type  piezoresistors  aligned  at  0°,  45°,,  90°,  and  135°  to  the  wafer  flat  [110]. 


-22^ 


PPA  Final  Report  -  Sandia  National  Laboratories 


10/10/95 


Each  ATC04  stress  sensor  cell  has  four  n-type  and  four  p-type  resistors  oriented  at  0®,  +45°,  90°,  and  135° 
with  respect  to  the  bottom  of  the  die.  The  crystal  axis  associated  with  the  bottom  of  the  die  is  the  [110]  axis  and  this 
is  defined  as  the  x-axis  direction.  Fig.  25  shows  the  layout  of  a  single  stress  cell  piezoresistor  rosette,  1  of  25  on  the 
ATC04  chip.  ATC04  can  measure  the  three  diagonal  components  of  the  stress  tensor,  and  a^,  together 

with  the  in-plane  shearing  stress,  a^,.  The  fundamental  equation  relating  resistance  change  to  stress  tensor 
components  for  resistors  on  <100>  Si  have  been  given  by  Sweet.  ^ ‘The  derivation  of  these  equations  is  also 
discussed  in  detail  by  Bittle,  Suhling,  Beaty,  Jaeger,  and  Johnson. It  should  be  noted  that  the  resistor  numbering 
scheme  used  by  Bittle  et  al  is  different  from  ours.  The  change  in  resistance  of  the  ith  resistor  produced  by  the 
stress  tensor  components  is  given  by, 


- L  =  .L_i - HIo  +:L_I - +7t„0 

2  “  2  -  ■-  ‘ 

^20 

- -  - 0„+ - a_+7l,,G. 


(4) 


^30  ^ 

AR.  7C  ^  /  V 

A40  ^ 

In  Eqs.  (4),  715  =  Tin  +  7:12  and  Kd  =  7Z\i-  K\2,  where  Ttn,  Ttn,  and  are  the  fundamental  coupling  constants  or  “pi” 
coefficients  which  relate  stress  changes  to  resistance  shifts.  Rqi  is  the  initial  resistance  of  the  /th  resistor  before  the 
stress  is  applied  and  the  stress  tensor  [a,^]  is  defined  relative  to  the  chip  coordinate  system. 

There  are  two  measurable  stress  quantities  which  do  not  require  a  correction  for  the  inevitable  temperature 
shift  which  occurs  between  the  initial  and  final  measurements.  If  the  fourth  of  Eqs.  (4)  is  subtracted  from  the 
second  of  Eqs.  (4),  the  quantity  may  be  found  as, 


a 

2k 


D 


Subtracting  the  third  of  Eqs.  (4)  from  the  first  of  Eqs.  (3)  yields, 


5/J,^ 

^^44 


(5) 


(6) 


If  the  second  and  fourth  of  Eqs  (5),  or  the  first  and  third  of  Eqs  (4)  are  summed  the  result  is, 

K-K 

=  J^s(<^.v.v+<^,vv)  +  27t.20^ 

Solving  Eq.  (6)  forGyv  and  substituting  the  result  in  Eq.  (7)  yields,  after  some  manipulation, 

,  ,  ,  (5<-2cxAr)  5< 

=2 - ; - ^  +  — 

2?^  .j  7C  ^ 


(7) 


(8) 


In  the  case  of  Eq.  (8),  we  use  n-type  data  for  5/?2/  because  \ns\  is  very  small  for  p-type  resistors.  In  addition, 
there  is  a  theoretical  result^  for  n-type  resistors  -7112”  which  can  be  used  in  Eq.  (8)  to  yield  the  result  we  have 
used  for  data  analysis, 


-G„  = 


(54„-2a„A7)  S/e,® 


13/7 


271^ 


^44 


(9) 


“  J.  N.  Sweet,  “Die  Stress  Measurement  Using  Piezoresi stive  Stress  Sensor,”  in  J„  H.  Lau,  Thermal  Stress  and 
Strain  in  Microelectronics  Packaging.  Van  Nostrand  Reinhold  (1993). 

D.  A.  Bittle,  J.  C.  Suhling,  R.  E.  Beaty,  R.  C.  Jaeger,  and  R.  W.  Johnson,  “Piezoresistive  Stress  Sensors  for 
Structural  Analysis  of  Electronic  Packages,”  J.  of  Electronic  Packaging,  113,  203  (1991). 
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In  the  case  of  plastic  encapsulated  microelectronic  packages  with  relatively  large  ;r  and  y  dimensions  compared  to  z 
thickness,  \oJ  is  very  small  relative  to  lax:vl,  so  Eq.  (9)  is  essentially  a  measure  of  the  in-piane  compressive  stress, 

On-. 

Experimental  Plan:  The  test  sequence  for  measurement  of  packaging  stresses  is  shown  in  Fig.  26.  ATC04 
die  were  premeasured  (initial  measurements)  at  the  die  level  in  waffle  packs  and  shipped  to  National 
Semiconductor  where  they  were  packaged  in  68-lead  PLCCs  at  the  Singapore  assembly  site  using  four  of  the  epoxy 
molding  compounds  developed  by  Plaskon  for  the  PPA  program  (B24,  X9074.07,  UI.S12H,  and  UT^S12H-X).  At 
each  stage  in  the  experiment,  C-mode  SAM  was  used  to  look  for  delaminations  between  the  molding  compound  and 
the  die  or  die  paddle,  followed  by  measurement  of  the  ATC04  stress  cells.  The  bake,  moisture  soak,  and  IR  reflow 
steps  are  out  of  National’s  preconditioning  specification  which  simulates  the  worst  case  surface  mount  situation  in 
terms  of  moisture  sensitivity  (class  1  qualification)^ 


Fig.  26.  Test  plan  for  measurement  of  epoxy  molding  compound  stiesses  using  ATC04  Assembly  Test  Chips. 

Experimental  Results:  The  B24  material  is  considered  a  baseline  “standard”  epoxy  molding  compound.  The 
X9074.07  is  essentially  the  same  material  with  anti-popcorn  additives  proprietary  to  National  Semiconductor.  The 
ULS12H  is  a  ultra-low  stress  material  developed  expressly  for  the  PPA  program,  along  with  a  low  ionics  version, 
IJLS12H-X,  containing  ionic  scavengers.  It  was  assumed  at  the  beginning  of  the  experiment  that  the  latter  two 
would  exhibit  essentially  the  same  stress  behavior.  Both  in-plane  compressive  stresses  (Eq.  8)  and  in-plane  shear 
stresses  (Eq.  4)  where  calculated  for  each  of  the  25  cells  per  die.  The  compressive  stress  calculations  were  averaged 
across  each  die  and  the  shearing  stresses  were  sorted  to  provide  the  peak  absolute  stress.  Only  the  compressive 
stress  data  will  be  discussed  here,  as  the  shearing  stress  data  did  not  appear  to  be  informative  for  the  purposes  of 
this  experiment.  This  is  partly  due  to  the  relatively  benign  shearing  stress  state  present  in  die  smaller  than  0.300 
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inch,  such  as  the  ATC04,  The  ATC04  is  often  used  in  the  QUAD  form,  0.456  inch  on  a  side,  to  simulate  larger  die 
where  shearing  stress  is  critical  reliability  issue.  In  these  larger  formats,  it  is  common  to  apply  a  polyimide  coating 
over  the  chip  SiN  passivation  to  relieve  the  high  shearing  stresses  present  at  the  chip  edges  and  comers. 

Average  compressive  stresses,  after  the  molding  operation  are  plotted  in  Fig.  27  as  probability  vs.  stress. 
In  this  format,  data  fitting  a  straight  line  would  be  normal  with  the  slope  representing  the  standard  deviation. 
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Fig.  27.  Average  in-plane  compressive  stress  measured  with  ATC04  test  chips  molded  in  68 -lead  PLCCs  with  Plaskon 
epoxy  molding  compounds.  These  data  represent  changes  in  stiess  state  due  to  the  die  attach  and  molding  operations. 

The  data  in  Fig.  27  show  a  cletu*  trend  toward  decreasing  compressive  stress  for  the  low  stress  formulations, 
but  it  was  not  immediately  clear  why  the  ULS12H-X  material  was  so  much  lower  than  the  UL<S12H  material.  It  is 
informative  to  predict  the  stress  rankings  for  these  materials  using  a  “stress  index’'  expression,  Ea{TG-TA),  where  E 
is  the  elastic  modulus,  a  is  the  coefficient  of  thermal  expansion,  Tq  is  the  glass  transition  temperature,  and  is  the 
ambient  temperature.  For  the  materials  used  in  this  experiment  we  get: 

B24=33.4  MPa 
X9074.07=3L5MPa 
ULS12H:::27.6MPa 
ULS12H-^X:323.3MPa 

Using  this  stress  ranking,  we  see  that  the  distributions  in  Fig.  27  basically  follow  the  same  trend  and, 
therefore,  are  in  general  agreement  with  expectations  based  on  material  properties.  No  delaminations  were  evident 
from  C-SAM  at  this  point  or  after  subsequent  thermal  cycling. 
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Fig.  28  contains  plots  of  all  the  stress  data  recorded  during  the  experiment.  Each  chart  contains  data  for  one 
of  the  four  molding  compounds,  plotted  as  absolute  compressive  stress  as  a  function  of  part  serial  number.  Stress 
measurements  underwent  a  shift  in  magnitude  toward  decreasing  compressive  stress  after  the  first  temperature 
cycle,  but  maintained  the  new  stress  reading  through  subsequent  temperature  cycling  and  IR  reflow  with  the 
exception  of  one  part  -Lll.  This  part,  molded  with  the  ULS12H  material,  had  indications  of  die  attach 
delamination  after  IR  reflow  in  C-SAM  and  also  a  significant  jump  in  average  compressive  stress  reading. 


Serial  Nr. 


L11  M2  N13  09  017P12P18  Q8  Q12Q14  R4  R11  R18 
Serial  Nr. 


Serial  Nr. 


Serial  Nr. 


Fig.  28.  Average  in-plane  compressive  stress  measured  by  ATC04  test  chips  molded  in  68-lead  PLCCs  during  -65°  to 
-hl50°C  temperature  cycle  and  -240°C  IR  reflow  simulation.  Each  data  point  represents  the  average  of  25  stress  cell 
readings  on  a  single  die.  Plots  are  absolute  compressive  stress  vs.  pait  serial  number.  Symbols  in  aU  plots:  after  mold  (■), 
after  5  temp  cycles  (O),  after  20  temp  cycles  (A),  after  30  temp  cycles  (V),  and  after  IR  reflow  (<>).  Note  general 
relaxation  of  stress  after  &st  temperature  cycle  across  all  molding  compounds.  The  two  outliers  in  the  ULS12H-X  chart 
ai'e  thought  to  be  X9074.07  pai'ts  that  were  mismai'ked.  Part  Lll  showed  delamination  of  the  die  attach  from  C-SAM  that 
coirelated  with  an  increase  in  compressive  sti*ess  after  IR  reflow. 

A  plot  of  the  compressive  stress  readings  by  sensor  cell  of  part  Lll  is  contained  in  Fig.  29.  Each  data  point 
represents  the  calculated  stress  at  the  location  of  the  sensor  listed  at  the  bottom.  (See  Fig.  24  for  sensor  location 
reference)  For  simplicity,  only  the  final  temperature  cycle  data  are  shown.  The  stress  relaxation  after  temperature 
cycling  apparent  in  the  averaged  data  in  Fig.  29  is  evident  cell  by  cell  However,  after  IR  reflow  the  data  show  that 
cells  numbered  9  through  17  see  an  increase  in  stress  of  ~10  MPa  over  what  would  be  expected  based  on  the 
response  of  the  remaining  cells.  C-SAM  of  this  part  showed  a  complete  delamination  of  the  die  attach  interface. 
Lineal'  elastic  theory  would  predict  that  a  delamination  of  either  the  die  attach  interface  or  the  die  surface  to  mold 
compound  interface  would  cause  the  die  to  bow  in  a  direction  opposite  the  delamination.  Fig.  30  illustrates  this 
effect  for  the  case  of  die  attach  delamination.  Am  upwardly  bowing  die  would  cause  an  increase  in  compressive 
stress  proportional  to  the  local  radius  of  curvature.  The  data  in  Fig.  29  suggest  that  the  curvature  is  minimal  at  the 
outer  edges  of  the  die,  something  that  seems  intuitively  correct,  but  has  not  been  confirmed  analytically  or  through 
finite  element  modeling. 
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Fig.  29.  Compressive  stress  measurements  on  part  Lll  as  a  function  of  cell  number.  Symbols  are  after  mold  (■),  after  30 
temperature  cycles  (V)  and  after  IR  reflow  ("  ).  Stress  peaking  in  center  cells  after  IR  reflow  are  associated  with  die 
attach  delamination. 


Fig.  30.  Conceptual  cross-section  of  a  die  bonded  to  Cu  lead  frame  paddle  in  a  molded  package  (top)  illustrating  die 
bending  (bottom)  due  to  delamination  of  the  die  attach  interface.  The  die  would  bow  away  from  the  paddle  causing  an 
increase  in  compressive  sti*ess  at  the  die  surface. 


Summary 

The  design  and  characterization  of  the  NAT-01  moisture  and  corrosion  sensing  test  chip  has  been 
completed.  Temperature  sensitivity  experiments  indicate  that  the  moisture  sensor  sensitivity  drift  during  long  term 
exposure  to  300°C  in  air,  N2,  and  vacuum  environments  is  excessive  for  experimental  applications  requiring 
absolute  measurement  accuracy.  However,  the  ability  of  the  sensor  to  withstand  these  conditions  without  loss  of 
functionality  and  only  moderate  changes  in  sensitivity  demonstrates  its  utility  for  a  number  of  experimental 
purposes  including  pinhole  detection  in  moisture  barrier  coatings  and  measurement  of  moisture  diffusion  through 
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epoxy  molding  compounds.  In  particular,  the  moisture  sensor  provides  a  means  of  quickly  judging  the  efficacy  of  a 
barrier  coating  without  undergoing  lengthy  HAST  testing  using  triple  track  corrosion  sensors  or  product  die. 

The  corrosion  sensor  triple  track  is  not  a  unique  design  to  the  NAT-01,  but  inclusion  of  both  passivated  and 
unpassivated  structures  allows  sensitive  detection  of  ionic  contamination  in  molding  compound  materials  and 
discrimination  of  electrochemical  corrosion  failure  mechanisms.  Parallel  HAST  experiments  with  Dow  Coming  and 
Naval  Surface  Warfare  Center  Crane  using  the  NAT-01  yielded  failure  data  that  were  not  completely  consistent 
with  HAST  sensor  characterization  experiments  done  at  Sandia.  It  is  not  obvious  why  this  is  so,  but  the  relatively 
small  sample  sizes  that  resulted  in  each  leg  of  their  experiments  can  contribute  to  misdiagnosis  of  failure  data. 

HAST  failure  data  from  unpassivated  NAT-01  corrosion  sensors  packaged  in  14-lead  DIPs  and  SOICs 
suggest  improved  reliability  in  moisture  environments  using  Plaskon  low  ionics  materials.  This  was  supported  by 
Dow  Coming  HAST  failure  data  on  NAT-01  unpassivated  corrosion  sensors  packaged  in  68-lead  PLCCs,  but  not 
by  HAST  failure  data  from  Crane. 

Stress  measurements  using  the  ATC04  stress  measurement  test  chip  were  able  to  discriminate  between 
standard  and  low  stress  molding  compounds,  showing  a  clear  reduction  in  room  temperature  compressive  stress  on 
die  molded  in  68-lead  PLCCs  using  the  Plaskon  ULS12H  and  ULSi2H-X  materials.  These  measurements  were  able 
to  detect,  in  at  least  one  case,  delamination  of  the  die  attach  interface  after  IR  reflow. 
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Figure  4a  Enlargement  shows  die  attach  material  run-out  around  die  perimeter,  detail  of  automatic 
gold  bail-bond  placement,  and  silver-plated  die  paddle  and  lead  tips.  Note  longer  wire 
path  lengths  required  for  (8)  end  lead  bonds  vs.  (6)  top  &  bottom  lead-bonds. 


Figure  4b  14L-  DIP 


X-ray  photograph  after 
mold.  Showing 
acceptable  wire  sweep. 
Routinely  performed 
each  work  shift  or  mold 
set-up. 

Arrow  on  photo  shows 
EMC  inject  path. 
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LM1 24/LM224/LM324,  LM124A/LM224A/LI\/1324A, 
LI\/I2902  Low  Power  Quad  Operational  Amplifiers 


General  Description 

The  LM1 24  series  consists  of  four  tndependent,  hi^  gaia 
internally  frequency  compensated  operatkoaJ  aanplfftefs 
v%riich  wore  desi^ied  speciftcsdiy  to  operate  frcart  a  single 
power  supply  over  a  wide  range  of  voltages.  Operation  from 
split  power  supplies  is  also  poss^e  and  the  low  power  sup¬ 
ply  current  drain  is  indepaident  of  the  magnitude  of  the 
power  supply  voltage 

Af^Dlicatioo  areas  ir>dude  Iranscfajc^  ampiifi^^  DC  gain 
blocks  ^  all  the  conventiona!  op  amp  circuits  which  now 
can  be  more  easily  implemented  in  sin^e  power  supply  sys¬ 
tems.  For  example,  the  LM1 24  series  can  be  drectly  c^>erat- 
ed  off  of  the  stanrferd  +  5  Vqc  power  supply  vonsge  which 
is  used  in  dgital  systems  and  will  easily  provide  the  required 
ent^ace  ^ectronics  without  rec^iring  the  adcfitional 
±  1 5  Vdc  pow^"  supplies. 

Unique  Characteristics 

0  In  the  finear  mode  the  input  cxmrnoh-mode  volt^ 
range  indudes  g'omd  and  the  output  voltage  can  also 
swing  to  ground,  even  though  operated  frcxn  only  a  an¬ 
gle  power  supply  voltage. 

0  The  unity  gain  cross  frequency  is  temperature 
compensated 

a  The  input  bias  current  is  also  temperature 
compensated 


Advantages 

m  EBorinates  ne«1  for  dual  suppriies 
a  Four  internally  comp^sated  op  amps  in  a  single 
package 

a  Allows  cfirecUy  sensing  rrear  GND  and  VouT  ^Iso  goes 
toGND 

a  Compatible  with  all  forms  of  logic 
m  Power  drain  sdtable  for  battery  cperation 

Features 

B  Internally  frequency  compensated  for  unity  gain 
m  Large  DC  voltage  gain  100  dB 

B  Wide  bandwidth  (unity  gain)  1  MHz 

(temperalurs  compensated) 

B  Wide  power  supply  range: 

Sin^  supfdy  3  Vqc  32  V|x; 

or  dual  supplies  tl.SVgcto  +16V[x: 

B  Very  low  supply  current  drain  (700  >xA) — essentiafly  in¬ 
dependent  of  supply  voltage 

E3  Low  input  biasing  current  45  nAoc 

(temperature  compensated) 

B  Low  input  offset  vdtage  2  mV^Q 

and  offset  current  5  rtAoc 

a  input  common-mode  voltage  range  indudes  ground 
0  Dfferential  input  voltage  range  equal  to  the  power  sup- 
p>ly  voltage 

B  Large  output  voltage  swing  0  Vqc  to  —  1.5  Vqq 


Connection  Diagram 


Dual-fn-Urve  Package 


TLyH/tt?99-t 

Top  View 


Schematic  Diagram  {each  Amplifier) 
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Order  Number  LM 1 24J,  LM 1 24AJ,  LM224J, 
LM224AJ,  LM324J,  LM324AJ,  UVl324Rj!I,  LM324AM, 
LM2902M,  LM324N,  LM324AN  or  LM2902N 
See  NS  Package  Number  J14A,  M14A  or  N  14A 
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Physical  Dimensions  inches  (millimeters)  (Continued) 
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Fs^oided  DusWn-Une  Package  (W) 

Order  Number  LM324AN  or  L^2902N 

NS  Packstje  Number  N1 4A 


LIFE  SUPPORT  POUCY 


NATIONAL’S  PRODUCTS  ARE  NOT  AUTHORIZED  FOR  USE  AS  CRITICAL  COMPONENTS  IN  LIFE  SUPPORT 
DEVICES  OR  SYSTEMS  WITHOUT  THE  EXPRESS  WRITTEN  APPROVAL  OF  THE  PRESIDENT  OF  NATIONAL 
SEMICONDUCTOR  CORPORATION.  As  used  herein: 


1 .  Life  sjppOft  devices  or  systems  are  devices  cr 
systems  whkti,  (a)  are  intended  fa  surreal  implant 
into  the  body,  or  (b)  ajpport  or  ajstain  life,  and  whose 
failure  to  perform,  when  propaiy  used  in  accordance 
with  instructions  fa  use  provided  in  the  labding,  esn 
be  reasonably  expected  to  result  in  a  significant  tnjiny 
to  the  user. 


2.  A  altical  component  is  any  component  of  a  life 
support  de>nce  or  syston  whose  failure  to  perform  can 
be  reasonably  expected  to  causa  the  falure  of  the  He 
support  device  a  system,  a  to  affect  its  safety  or 
effectiveness. 
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Figure  6 


Physical  Dimensions  inches  (miHimetOfs) 
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Oct.  27,  1995 
Ron  Kovacs 

National  Semiconductor  Corporation 
3707  Tahoe  Way 
Mail  Stop  19-100 
Santa  Clara,  CA  95051 

Subject:  Maximum  Recommended  Operating  Conditions  vs.  Plastic  Package  Availability  Test  Conditions 
Dear  Ron, 

You  asked  for  a  comparison  of  Maximum  Recommended  Operating  Conditions  for  LM124s  in  14  lead  SOICs,  14  lead  plastic 
molded  DIPs,  and  14  lead  Cerdip.  The  test  conditions  that  you  listed  in  your  memo  were:  HAST(Highly  Accelerated  Stress 
Testing)  @  I30°C  &  159°C,  Temperature  Cycling  from  -65°C  to  150°C,  HTS  (High  Temperature  Storage)  @  175°C  and 
OPL  (Operating  Life  Testing)  @  125°C. 

HAST  (Highly  Accelerated  Stress  Testing)  @  130°C  &  159°C: 

There  is  no  listed  operating  condition  for  HAST  testing,  as  it  is  a  destructive  environment  outside  the  expected  o^rating 
conditions.  As  it’s  name  implies,  it  is  a  highly  accelerated  test,  normally  used  to  predict  and  to  qualify  the  reliability  of 
commercial  plastic  integrated  circuits  for  commercial  applications.  It  is  intended  to  exacerbate  the  weaknesses  inherent  to 
plastic  packaging  systems.  Normally,  it  is  not  applied  to  hermetic  devices  due  to  their  inherent  strengths  at  resisting  moisture 
ingress.  The  basic  assumption  is  that  neither  hermetic  nor  plastic  parts  are  actually  operated  in  any  application  in  an 
environment  of  high  pressure/high  temperature  steam  with  or  without  bias  applied.  159*^0  is  beyond  the  maximum  storage 
temperature  listed  for  LM 1 24  devices  in  any  plastic  package  of  1 50°(2(i ).  Hermetic  package  absolute  maximum  storage 
temperature  is  165°C(2).  Neither  package  system  stores  well  at  these  elevated  temperatures  from  a  solderability  standpoint, 
and  the  plastic  package  system  may  be  above  it’s  glass  transition  point.  130°Qi)  (2)  is  above  the  absolute  maximum  operating 
condition  for  LM124  devices  in  either  hermetic  or  plastic  pacicages. 


LM124 

Plastic 

Max  Storage 

150°Q,) 

Max  Operating 

125°C<,) 

Max  Tj 

150°Q,) 

LM124  LM324 

(most  commonly  used 
commercial  “LM124” 
device) 

Henmetic  Plastic 

I65°Q2)  150°C(1) 

125‘^C<2)  70°Qi) 

200'^C<2)  150°Qi) 


HAST  testing  is  not  required<3)(4)  for  qualification  of  commercial  IC’s  at  National,  but  is  sometimes  performed  to  meet 
specific  customer  requirements.  Normally  the  test  temperature  is  130°C  for  96  hours. 

National  normally  performs  the  of  85°a85%RH  Biased  Humidity  Life  and  Storage  Autoclave  121^^0 1 00%RH/latm(gage)  as 
moisture  related  qualification  lests<3)(4).  Both  test  conditions  are  considered  destructive  tests. 

Commercial  NSC  qualification  requirements^): 

85°C/85%RH  Biased  Humidity  Life: 

Category  1  plastic  devices  are  tested  for  500  hours  (ss=100  acc=0) 

Category  2  plastic  devices  are  tested  for  1000  hours  (ss=100  acc=0)  iguic 

Category  3  plastic  devices  are  tested  for  1000  hours  minimum  with  ss=I  16 


Storage  Autoclave  l21°C/100%RH/latm(gage)(3): 


Catcgor>^  i  plastic  devices  are  tested  for  96  hours  (ss=50  acc=0) 

Category  2  plastic  devices  are  tested  for  168  hours  (ss=50  acc=0) 

Category  3  plastic  devices  are  tested  for  500  hours  (ss=50  acc=0) 

Explanation  of ‘‘Category”  o): 

Category  I  devices  are  basic  commercial  devices,  Category  2  devices  are  essentially  telecom  type  requirements,  and  Category 
3  devices  are  automotive  safety  applications  (like  antilock  braking,  engine  controls  etc.).  Mil/ Aero  Division  products  are  also 
defined  in  the  Category  3  section. 

Temperature  Cycling  from  -65°C  to  150°C: 

Both  Hermetic  and  Plastic  devices  are  often  qualified  by  temperature  cycling  across  this  range. 


LM124 

LM124 

LM324 

(most  commonly  used 
commercial  “LM124” 
device) 

Plastic 

Hermetic 

Plastic 

Max  Storage 

150°C(„ 

165°Q2, 

I50°Q,) 

Min  Storage 

-65°Q2, 

Max  Operating 

125°Q,) 

125°Q2) 

70°Q,) 

Min  Operating 

-55°Q,) 

-55°Q2) 

0°Q.) 

Max  Tj 

150°Q,) 

200°Q2) 

150°Q,) 

Commercial  NSC  qualification  requirementso): 

Category  1  plastic  devices  are  tested  0°C  to  125®C  1000  cycles  (ss=100  acc=0) 
Category  2  plastic  devices  are  tested  0°C  to  125°C  2000  cycles  (ss-lOO  acc=0) 
Category  3  plastic  devices  are  tested  -65°C  to  150°C  2000  cycles  (ss=153  acc=K)) 


HTS  (High  Temperature  Storage)  @  175°C: 

This  test  is  considered  destructive  because  it  exceeds  the  glass  transition  point  of  most  molding  compounds  used  by  NSC.  It 
also  exceeds  the  absolute  maximum  ratings  for  both  hermetic  and  plastic  packages  for  this  device  type.  While  the  hermetic 
package  is  capable  of  extended  storage  at  this  temperature,  the  solderability  would  be  negatively  impacted.  The 
gold/aluminum  interfaces  in  plastic  package  systems  can  be  permanently  degraded  by  this  exposure.  National  has  published 
an  absolute  maximum  of  167°Q6)  for  gold/aluminum  interface  devices  (most  plastic  and  a  very  few  hermetic  packages)  to 
prevent  the  onset  of  Kirkendall  voiding.  National  normally  tests  HTS(4)  at  ISO'^C  for  1000  hours  when  qualifying  a  new 
plastic  package  system. 


Max  Storage 
Max  Operating 
Max  Tj 


LM124 


Plastic 

l50°Qo 

125°Qi) 

150"Q,) 


LM124 


Hermetic 

165°Q2) 

125-Q2) 

200°Q2) 


LM324 

(most  commonly  used 
commercial  “LM124” 
device) 

Plastic 

150°Co) 

7o°c:<i) 

150°Co) 


OPL  (Operating  Life  Testing)  @  125°C: 

168  hour  exposures  are  not  considered  destructive,  but  solderability  is  negatively  impacted.  Significant  degradation  of 
solderability  occurs  for  1000  hour  exposures. 


LM124 


LM124 


LM324 

(most  commonly  used 
commercial  “LM124” 


device) 

Plastic 

125°Q,) 

70°Q,) 
150°C(,) 

Commercial  NSC  qualification  requirementSo): 

Category  1  plastic  devices  are  tested  500  hours  @  125°C  (ss=100  acc=0) 

Category  2  plastic  devices  are  tested  1000  hours  @  IIS^C  (ss=100  acc=0) 

Category  3  plastic  devices  are  tested  1000  hours  @  150°C  (ss=l  16  acc=0) 

Sources: 

1.  LM124, 224,324  datasheet  (Absolute  Maximum  Ratings) 

2.  Mil-Prf-38535 

3.  SOP-5-284  -  Graded  Product  Qualification  for  New  Products 

4.  NSC  Packaging  Databook 

5.  The  evaluation  of  Reliability  Data  -  National  Semiconductor  Corporation 

6.  Reliability  Handbook  -  National  Semiconductor  Corporation 


Max  OPL 

Max  Operating 
Max  Tj 


Plastic 

125°C(,) 

125°Q,) 

150°Q,) 


Hermetic 
175°Q2) 
Normal  150°C 
125°C(2) 

200'=’C(2) 


Sincerely, 


Quality  Assurance  Manager,  Military  Aerospace  Division 
Telephone:  (408)  721-2664  Pager  (408)  447-9588 


cc:  Bob  Bryne 


Figure  11. 

Line  monitor-sample 
data  for  the  LLC 
build  of  14L-S0IC 
and  14L-MDIP  in 
Malacca,  Malaysia, 


HAST#  130°C  159°C 

Performed  @  DCC* 

Temperature  Cycle 

Performed  @  DCC* 

HTS  #  175°C 

Performed  (®  NSC 

Operational  Life-Test 

Performed  @  NSC 

Electrical  Test 

Performed  @  NSC 

*See  Dow  Corning  report  for  details  on  environmental  test. 


No.  t  i  a  n  Cl  I 
S  e  771  i  c  ()  n  d  u  c  (  o  r 


Thomas  Pak 


Technical  Marketing  Engineer 
Government  Technology  Business  Unit 
Military  &  Aerospace  Division 
National  Semiconductor  Corporation 
2900  Semiconductor  Drive 
Santa  Clara,  CA  95952-8090 


High  Lead  Count 


For  the  high  lead  count  portion  of  the  experiment  we  chose  SCX6244  1.5  micron,  CMOS  Gate  Array  as 
a  test  vehicle.  The  device  has  die  size  of  259x262  mils  and  has  68  pins.  The  device  was  chosen  for  its  size  and  com¬ 
plexity  of  the  circuitry.  Since  the  device  was  packaged  in  68  pin  Plastic  Leaded  Chip  Carrier  (PLCQ  before,  it  was 
decided  that  the  same  package  be  used  in  the  experiment.  As  for  the  epoxy  molding  compound  (EMC),  four  different 
types  were  used  and  consequently  tested.  These  EMCs  were  Plaskon  ULS12H,  Plaskon  ULS12HX  (low  chloride), 
Plaskon  X9074.07  (anti-popcorn),  and  National  Semiconductor’s  B24.  For  the  purpose  of  comparison,  ceramic  pack¬ 
ages  were  also  incoiporated  into  the  test  matrix.  These  ceramic  units  will  be  considered  as  controls  and  their  test  data 
will  be  used  for  baselining  against  that  of  plastic  packages. 

The  environmental  test  series  consisted  of  FLAST,  Temperature  Cycling,  High  Temperature  Storage,  and 
Operational  Life-Test.  The  environmental  stressing  of  devices  for  HAST  and  Temperature  Cycle  were  conducted  at 
Dow  Coming  Corporation,  while  High  Temperature  Storage  (refer  to  DCC  section  of  the  report)  and  Operatimal 
Life-Test  were  performed  at  National  Semiconductor  in  Santa  Clara.  However,  all  electrical  testing  and  failure  anal¬ 
ysis  were  performed  at  National  Semiconductor  in  Santa  Qara. 

All  the  plastic  encapsulated  microcircuits  were  molded  at  the  National’s  Singapore  facility  where  most 
of  the  commercial  products  are  assembled  for  various  product  lines.  A  team  from  National  Semiconductor  and  Rome 
Lab  were  sent  to  monitor  the  manufacturing  processes.  The  ceramic  control  units  were  assembled  in  the  National’s 
Santa  Clara  facility.  About  half  of  the  assembled  plastic  encapsulated  devices  were  then  subjected  to  precondition 
flow.  The  flow  is  used  to  simulate  device  condition  during  the  board  assembly.  All  devices  were  visually  insfected, 
marked,  and  electrically  tested  to  MIL-883  specifications  before  being  subjected  to  the  environmental  stress  test.  The 
table  below  shows  the  total  number  of  units  that  were  available  after  post-assembly  electrical  test. 


Molding  Compound 

Preconditioned 

Non-Preconditioned 

ULS12HX 

77 

80 

ULS12H 

76 

91 

X9074.07 

82 

87 

B24 

101 

87 

Control  (ceramic) 

346 

Figure  1. 

All  units  were  electrically  tested  on  the  Sentry  Tester  System  at  National’s  Santa  Clara  testing  facility. 
Sentry  is  a  VLSI  testing  system  utilized  by  the  various  National’s  product  lines  for  testing  production  units.  The  pro¬ 
gram  used  for  testing  was  based  on  Mii-883  specifications  and  has  a  National’s  internal  designation  of  SCX6244- 
UEU.  The  length  of  the  test  itself  was  about  30  seccnds.  The  system  first  tests  fOT  continuity,  such  as  upper  and 
lower  diode  test  Iot  the  input  pins  and  short  test.  The  system  next  tests  I^q  and  I^^  parametric  values  at  various  volt¬ 
ages  against  the  specification.  The  system  next  feeds  in  set  of  test  vectors  to  simulate  actual  operating  condition  and 
to  determine  if  the  circuitry  behaves  accordingly.  As  a  last  step,  output  values  are  read  and  compared  to  the  sj^ifica- 
tion.  These  are  output  voltages  and  currents  at  various  bias  voltage  levels.  If  a  unit  passes  all  the  above  tests,  then  it 
is  considered  as  an  electrically  good  device. 


During  testing,  special  precaution  was  taken  to  ensure  that  each  failure  was  legitimate  and  authentic. 
This  was  achieved  by  employing  a  double  screen  process  where  each  failed  device  went  through  two  additional 
flows,  with  each  flow  under  the  scrutiny  of  the  operator’s  observation.  In  the  PFA,  the  committee  has  decided  to 


report  only  gross  functional  failures,  such  as  opens,  shorts,  and  logic  failures.  Therefore,  a  device  not  meeting  the 
required  specifications  and  parametric  failures  was  not  classified  as  a  failure  in  this  report.  Once  the  failed  devices 
were  separated  and  marked,  they  were  put  through  the  various  failure  analysis  steps. 

HAST:  130°Cand  159^C 

HAST  is  a  commonly  used  test  in  the  industry  to  activate  and  accelerate  the  moisture  failure  mechanism 
prevalent  in  plastic  encapsulated  microcircuits.  Please  refer  to  Dow  Coming  section  of  the  repcrt  for  the  details. 
Altogether,  four  HAST  boards  were  assemble  by  HAST  Solution  Inc.  Figure  2  and  Figure  3  show  the  HAST  circuit 
and  the  specification,  respectively.  For  130°C,  the  devices  were  electrically  tested  initially,  and  at  216, 432, 648,  864, 
1080,  and  1296  hours  after  the  devices  were  removed  from  the  HAST  chamber  to  detect  any  failures.  For  159°C,  the 
devices  were  electrically  tested  initially,  and  at  24,  72,  108,  216, 432,  648  hours.  Table  1  and  2  illustrate  the  readout 
points  and  the  electrical  test  results. 

The  HAST  environmental  testing  at  130^C  and  159^C  with  85%  RH  caused  some  degradation  of  the 
device  lead  finish  due  to  the  formation  of  corrosion.  This  problem  was  especially  acute  toward  the  later  stages  of  the 
test.  Therefore,  the  devices  were  manually  cleaned  after  e^h  HAST  run  to  ensure  good  electrical  contact  of  the 
devices  leads  in  the  sockets  for  the  HAST  board  as  well  as  the  electrical  tester.  The  dark  discoloration  on  the  leads 
were  removed  by  polishing  with  very  fine  grain  sand  paper  to  expose  the  lead  underneath. 


High  Temperature  Storage: 

The  High  Temperature  Storage  (HTS)  test  accelerates  temperature  induced  failures  such  as  intermetallic 
growth,  Kirkendall  Voiding  and  depolymerization.  The  HTS  tests  were  conducted  at  175°C  without  bias  applied  to 
the  device.  The  electrical  tests  were  performed  at  0,  216, 432,  1080, 1512,  1944,  2500,  ant  4125  hours.  There  were 
no  failures  after  4125  hours  of  storage.  The  industry  average  for  the  HTS  is  1000  hours.  Table  3  illustrates  the  read¬ 
out  points  and  the  electrical  test  results. 


Operational  Life-Test: 

The  Operational  Life-Test  is  basically  a  Bura-In  (exposure  to  high  temperature  with  electrical  bias 
applied)  performed  for  extended  duration.  This  test  is  designed  to  weed  out  devices  subject  to  infant  mortahty  or 
excessive  parametric  drift.  There  are  two  components  to  the  Bum-In  system,  the  Bum- In  board  and  the  clock  driver. 
The  Bum-In  board  would  be  stressed  along  with  the  devices  in  the  chamber  while  the  clock  driver  would  reside  out¬ 
side  of  the  oven.  There  are  two  clocks  on  the  driver  and  they  are  asynchronous.  Figure  4  shows  the  clock  timing  dia¬ 
gram.  Altogether  three  Bum-In  boards  with  thirty  six  sockets  each  and  two  clock  driver  boards  were  assembled  by 
Adaptive  Electrcaiic. 

Figure  5  and  Figure  6  show  the  Bum-In  circuit  and  Bum-In  clock  circuit,  respectively.  The  Bum-In 
was  performed  at  125°C  with  5V  applied  to  the  device.  The  electrical  tests  were  performed  at  initial,  168,  ICOO, 
2000,  3000,  and  4(KX)  hours.  Table  4  illustrates  the  readout  points  and  the  electrical  test  results.  There  were  no  fail¬ 
ures  and  consequent  failure  analysis  didn’t  show  any  degradation  of  the  devices. 
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CP2 


— ^  1  ms  [<— 

|<^  minimum  2  ms  —  always  high 


Figure  4. 


High 

Low 

High 

Low 


2 


Temperature  Cycle: 


Temperature  cycle  is  a  test  whereby  devices  are  stored  for  short  periods  (15  minutes)  alternately  at  high 
and  low  temperatures  in  gas  filled  chambers,  with  a  maximum  transfer  time  between  chambers  of  one  minute.  Nor¬ 
mally  10  cycles  are  performed  from  -65  °C  to  -i-150°C.  This  stresses  device  assembly  because  of  the  different  thermal 
coefficients  of  expansion  of  the  various  materials  used.  The  temperature  cycling  was  performed  at  Dow  Coming  as 
in  the  case  with  HAST,  while  electrical  tests  were  performed  at  National.  The  devices  were  electrically  tested  ini¬ 
tially,  and  at  100,  500,  1(X)0,  1500,  and  2000  cycles.  Table  5  illustrates  the  readout  points  and  the  electrical  test 
results. 


During  the  process  of  transferring  devices  between  National  and  Dow  Coming,  the  precondition  and 
non-precondition  devices  were  accidentally  mixed.  Therefore,  the  precondition  portion  of  the  test  was  lost  and  the  12 
failures  we  observed  after  2000  cycles  were  not  distinguishable  for  their  precondition  status. 
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PLASTIC  PACKAGE  AVAILABILITY 
Electrical  Test  Results  Oii 
Temperature  Cycle:  -65  ~  +150°C  For  68L-PLCC 


COMPOUNDS 

#  of  units 

at  start 

100 

Cycles 

500 

Cycles 

1000 

Cycles 

1500 

Cycles 

2000 

Cycles 

ULS12H 

36 

one 

0/36 

one 

0/36 

12/36 

ULS12HX 

36 

one 

0/36 

one 

one 

one 

X9074 

36 

one 

0/36 

one 

one 

one 

B24 

36 

one 

one 

one 

one 

'  one 

Control  (ceramic) 

25 

0/25 

0/25 

0/25 

0/25 

0/25 

NOTE: 

1.  The  preconditioned  vs.  non-preconditioned  comparison  was  lost  due  to  the  mix-up  in  the  HAST  chambei. 

2.  Each  cell  represents  cumulative  number  of  failed  device  to  die  number  of  sample  size  at  each  reatout 
(#  of  cum  fail  /  #  of  total  sample  size). 


Na.tian.al 

Semiconductor 


Operational  Life-Test  @125°C  For  68L-PLCC 


COMPOUNDS 

#  of  units 

at  start 

168 

Hours 

1000 

Hours 

2000 

Hours 

3000 

Hours 

4000 

Hours 

P 

NP 

P 

NP 

P 

NT 

P 

NP 

P 

NP 

P 

NP 

ULS12H 

15 

15 

0/15 

0/15 

0/15 

0/15 

0/15 

0/15 

0/15 

0/15 

0/15 

0/15 

ULS12HX 

15 

15 

0/15 

0/15 

0/15 

0/15 

0/15 

0/15 

0/15 

0/15  ■ 

0/15 

0/15 

X9074 

15 

15 

0/15 

0/15 

0/15 

0/15 

0/15 

0/15 

0/15 

0/15 

0/15 

0/15 

B24 

15 

15 

0/15 

0/15 

0/15 

0/15 

0/15 

0/15 

0/15 

0/15 

0/15 

0/15 

Control  (ceramic) 

24 

0/24 

0/24 

0/24 

0/24 

0/24 

NOTE: 

1.  Each  cell  represents  cumulative  number  of  failed  device  to  die  number  of  sample  size  at  each  reatout 
(#  of  cum  fail  /  #  of  total  sample  size). 


PLASTIC  PACKAGE  AVAILABILITY 

Electrical  Test  Results  On 

Highly  Accelerated  Stress  Test  @130'^C  For  68L-PLCC 


The  elecuical  test  is  currently  in  progress. 


COMPOUNDS 

#  of  units 

at  start 

216 

Hours 

432 

Hours 

648 

Hours 

864 

Hours 

1080 

Hours 

1296 

Hours 

P 

NP 

P 

NP 

P 

NP 

P 

NP  ; 

P 

NP 

P 

NP 

P 

NP 

ULS12H 

■ 

0/20 

-- 

0/20 

- 

0/20 

- 

- 

0/20 

ULS12HX 

0/20 

3/20 

0/20 

9/20 

0/20 

10/20 

0/20 

X9074 

- 

0/20 

- 

mi 

- 

- 

0/20 

B24 

Eli 

- 

- 

HHi 

— 1 

Control  (ceramic) 

22 

0/22 

0/22 

0/22 

0/22 

0/22 

or. 

n 

NOTE: 

1.  The  shaded  celis(*)  exhibit  test  legs  with  greater  than  50%  failure,  therefore  testing  was  stopped  as  planned. 

2.  Each  cell  represents  cumulative  number  of  failed  device  to  the  number  of  sample  size  at  each  reatout 
(#  of  cum  fail  /  #  of  total  sample  size). 

3.  The  ULS12HX.  Precon  had  two  devices  with  missins  oackase  lead  after  S64Hrs. 


PLASTIC  PACKAGE  AVAILABILITY 
Electrical  Test  Results  On 

Highly  Accelerated  Stress  Test  @159°C  For  68L-PLCC 


COMPOUNDS 

#  of  units 

at  start 

24 

Hours 

72 

Hours 

108 

Hours 

216 

Hours 

432 

Hours 

648 

Hours 

P 

NP 

P 

NP 

P 

NP 

P 

NT 

P 

NP 

P 

NP 

P 

NP 

ULS12H 

21 

- 

0/21 

- 

0/21 

- 

- 

:i2/2iC: 

- 

■i 

- 

ULS12HX 

21 

- 

0/21 

- 

0/21 

- 

0/21 

■1 

- 

5/21 

X9074 

21 

- 

0/21 

- 

1/21 

- 

21/2V 

- 

■1 

-- 

B24 

21 

21 

0/21 

0/21 

11/2!^ 

0/21 

1 

1 

0/21 

4/21 

Control  (ceramic) 

24 

0/24 

0/24 

0/24 

0/24 

0/24 

0/24 

NOTE: 

1.  The  shaded  cellsC^)  exhibit  test  legs  with  greater  than  50%  failure,  therefore  they  were  pulled  out  as  planned. 

2.  Each  cell  represents  cumulative  number  of  failed  device  to  the  number  of  sample  size  at  each  reatout 
(#  of  cum  fail  /  #  of  total  sample  size). 

3.  The  ULS  12HX,NoPrecon  leg  had  three  devices  with  missing  package  lead  after  64SHrs. 


Electrical  Test  Results  On 

High  Temperature  Storage  @175°C  For  68L-PLCC 


COMPOUNDS 

#  of  units 

at  start 

216 

Hours 

432 

Hours 

1080 

Hours 

1512 

Hours 

1944 

Hours 

2500 

Hours 

41 

Ho 

25 

urs 

P 

NP 

P 

NP 

P 

NP 

P 

NP 

P 

NP 

P 

NP 

P 

NP 

P 

NP 

ULS12H 

IS 

18 

0/18 

0/18 

0/18 

0/18 

0/18 

0/18 

0/18 

0/18 

0/18 

0/18 

0/18 

0/18 

0/18 

0/18 

ULS12HX 

18 

0/18 

- 

0/18 

- 

0/18 

- 

0/18 

0/18 

- 

0/18 

-- 

0/18 

" 

X9074 

18 

18 

0/18 

0/18 

0/18 

0/18 

0/18 

0/18 

0/18 

0/18 

0/18 

0/18 

0/18 

0/18 

0/18 

0/18 

B24 

18 

IS 

0/18 

0/18 

0/18 

’  0/18 

0/18 

0/18 

0/18 

0/18 

0/18 

0/18 

0/18 

0/18 

0/18 

0/18 

Control  (ceramic) 

4 

5 

0/- 

45 

0/45 

0/45 

0/45 

0/45 

0/45 

0/45 

NOTE; 

1.  Each  cell  represents  cumulative  number  of  failed  device  to  the  number  of  sample  size  at  each  reatout 
(#  of  cum  fail  /  #  of  total  sample  size). 
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Preface 


This  final  technical  report  describes  the  results  obtained  during  the  Plastic  Packaging  Availability  (PPA) 
Contractip'nsored  by  the  Defense  Logistics  Agency  (DLA)  and  the  Tri-Sei.ice  Agencies^  T  e  overall 
the  PPA  program  is  to  assess  the  advancements  in  plastic  packaging  materuiiS  (moi  ing  ^  ,  .  ^nt  nf 

mfliw  enL.mei..s  Dow  Cornmg,  under  subcontrncl  lo  Nauonal,  has  rocused  ils  efforts  on  the  development  of 
low  temperature  manufacturine  processes  for  the  deposition  of  advanced  inorganic  dielectrics  that  are  compatible 
Ivdh  s»ncLuc,or  device  fabrication  techniques  (Section  6  0),  These  protective  “ 

provide  liermetic-lilre  performance  in  comparative  sludies  in  addition,  Dow  Corning 
tests  on  the  high  lead-count  (HLC)  devices  and  Sandia  test  chips,  including  high  temperature  HAS 

Temperature  Cycling  (Section  7.0). 

Dow  Corning  personnel  under  contract  support  that  directly  contributed  to  the  results  of  the  PPA  contract  are: 


Clay  Bearinger 
Robert  Caniilletti 
Fred  Dali 
Diana  Deese 
Mark  Loboda 
Jeff  Seifferly 


Reliability  Testing 

Principal  Investigator/Program  Manager 
Electrical  (Device)  Characterization 
Silicon  Oxide  Deposition  Development 
Technical  Ldr,  Thin  Film  Char.,  PECVD,  a-SiC:H 
Silicon  Carbide  Deposition  Development 


Dow  Corning  Corporation,  headquartered  in  Midland,  MI,  is  the  global  leader  m  the  development, 
manufacture,  and  sale  of  silicon  based  chemicals  and  materials,  Dow  Coming's  technical  expertise  in  Pre-^amic 
polymers  and  coatings  are  used  to  derive  advanced  thm-film  inorganic  dielectrics  for  semiconductor  device 

fabrication  and  protection. 
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IV 


Executive  Summary 


In  the  Plastic  Packaging  Availability  (PPA)  Program,  sponsored  by  the  Defense  Logistics  Agency  (DLA) 
and  the  Tri-Services,  an  attempt  to  integrate  the  dielectric  coatings  into  National  Semiconductor  Corporation  s 
(National’s)  existing  wafer  level  processes  did  not  meet  the  initial  engineering  screening  tests.  It  was  concluded  that 
the  dry  etch  processes  used  to  remove  the  SiC  passivation  from  the  gold  coated  bond  pad  regions,  severely  degraded 
the  non-corroding  (gold)  bond  pad  metallization.  Not  only  was  the  corrosion  resistance  of  the  bond  pad 
metallization  reduced  but  also  its  bondability  during  subsequent  wire  bonding  and  packaging  operations.  This 
work  was  performed  on  a  best  effort  basis  and  no  further  reliability  /  life  tests  was  perfoi'med  on  these  test  samples. 

A  variety  of  severe  and  differentiating  reliability  /  life  tests  were  used  to  assess  the  performance  of  plastic 
encapsulated  microcircuits  (PEMs)  in  harsh  environments.  For  this  study,  a  National  commercial  device,  a  68-lead 
SCX6244UEU  CMOS  Gate  Array  and  a  Sandia  National  Laboi-atory  (SNL)  Test  Chip  NAT-01  were  selected  as  test 
vehicles.  Comparative  reliability  tests  wei*e  performed  on  devices  assembled  in  plastic  leaded  chip  carriers  (PLCC) 
and  in  traditional  hermetic  packages.  The  reliability  testing  performed  by  Dow  Corning  included  temperature 
cycling  from  +150  to  -65°C,  highly  accelerated  stress  test  (HAST)  at  130°C,  85%RH,  5  volts  bias  and  HAST  at 
159°C,  85%RH,  5  volts  bias.  The  test  methods,  problems  encountered  and  the  analysis  of  the  NAT-01  test  chips 
will  be  discussed. 

Further  advancements  have  been  made  in  the  hermetic-like  coating  system  using  molecular  designed  silicon 
materials  and  have  been  combined  in  a  multilayer  structure  to  produce  a  'sealed  IC  chip  using  wafer  level 
processing.  The  optimization  of  this  process  technology  is  cuirently  underway  in  an  Air  Force  Wright  Laboratoty 
development  program  called,  “ChipSeal™  Inorganic^  Coating  Technology”,  teaming  Dow  Corning,  the  David 
Samofif  Research  Center  (Samoff)  and  the  Advanced  Packaging  Group  at  the  Microelectronics  Center  of  North 
Carolina  (MCNC).  Functional  “ChipSealed”  devices,  with  hennetic  coatings  and  high-rel  metal  bond  pads,  have 
been  fabricated  with  high  yields.  Reliability'  testing  is  underway. 
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Introduction 


Compact,  portable  electronics  demand  the  lowest  cost  solutions  for  achieving  smaller,  lighter,  and  faster 
systems  with  built-in  reliability.  Due  to  the  declining  military  budget,  changes  in  government  procurement  to 
reduce  cost  has  necessitated  the  need  to  convert  ft'om  hermetic  packaged  devices  to  '‘best  commercial  practice” 
plastic  packages.  Advantages  in  size,  weight,  and  circuit  peiformance  is  also  realized  from  this  packaging 
conversion  in  addition  to  the  governments  access  to  a  larger  variety  of  microcircuits.  The  reliability  of  these 
devices,  including  SOIC,  TSOP,  PQFP,  and  other  suiface  mount  technologies  (SIVIT),  in  the  harsh  military 
environment  has  not  been  adequately  addressed.  New  epoxy  molding  compounds  are  being  developed  to  improve 
the  device  reliability  except  that  these  materials  have  intrinsic  moisture  permeability  limitations.  Their  fiirther 
development  is  focused  at  the  use  of  high  purity  resins,  the  addition  of  ion  getters,  and  improving  the  adhesion  cf 
the  molding  compound  to  the  die  and  leadframe  assembly  materials.  Polyimide  and  silicone  gel  die  coats  are  being 
integrated  Into  the  hennetic  to  plastic  conversion  process  for  stress  buffers  on  large  area  die.  However,  these  interim 
approaches  are  quite  costly  and  do  not  address  the  intrinsic  material  incompatibility  problems.  Silicone  gels  have 
been  shown  to  provide  one  of  the  best  levels  of  circuit  reliability  under  severe  environmental  exposures  in  numerous 
studies.  An  alternate  approach  of  supplying  an  environmentally  sealed  chip  using  inorganic  thin-films  after  wire 
bonding  was  developed  and  demonstrated  [1,2,].  An  advancement  of  this  technology  for  depositing  inorganic  thin- 
films  at  the  wafer  level  which  can  be  integrated  into  any  commercial  plastic  packaging  operation  is  proposed.  This 
robust  sealed  chip  is  anticipated  to  be  a  cost  effective,  long  term  solution  for  supplying  reliable  IC  die  for  a  variety  of 
system  and  packaging  applications. 

Thin  film  dielectrics  have  been  developed  which  can  be  applied  during  IC  fabrication  to  provide  the  level  of 
protection  required  for  single  chip  and  muitichip  applications.  The  inorganic  dielectric  thin-fllm  technology  acts  as 
a  state-of-the-art  passivation  .system.  The  passivation  system  is  comprised  of  tli^st,  a  polymer-based,  silicon  oxide 
material  which  planarizes  the  IC  suiface.  Smoothing  the  suiface  prevents  the  fonnation  of  voids  and  defects  in 
subsequent  passivation  layers  which  easily  form  at  severe  changes  in  the  surface  topography.  The  second  step  is  the 
deposition  of  a  hard,  chemically  inert,  amorphous  hydrogenated  silicon  carbide  (a-SiC;H)  film  which  seals  the 
device  from  mechanical  damage  and  contamination.  This  passivation  scheme  is  the  wafer  level  adaptation  of  the 
thin  film  protective  coating  technology  applied  at  assembly  level  to  Si  and  GaAs  ICs.  Significant  improvement  in 
device  reliability  was  achieved  [3].  This  paper  will  review  the  use  these  silicon  based  materials  for  device 
passivation  and  report  film  properties  and  reliability  data  pertinent  to  the  fabrication  and  protection  of  semiconductor 
devices. 


Background 

The  feasibility  of  using  an  advanced  thin-film  passivation  technology  directly  on  silicon  and  gallium 
arsenide  circuits  was  first  studied  under  ARPA  sponsorship  [4].  This  concept,  originated  by  Dow  Corning 
Corporation,  was  first  known  as  the  SPEC  concept  (Surface  Protected  Electronic  Circuits).  The  feasibility  study 
showed  that  the  inorganic  dielectric  coatings  (ceramic  coatings)  clearly  demonstrated  protection  of  the  circuits  when 
exposed  to  autoclave,  HAST  (highly  accelerated  stress  testing),  and  salt  fog  exposures  without  affecting  the  functions 
of  the  silicon  or  gallium  arsenide  test  devices. 

The  material  and  process  technologies  used  for  depositing  protective,  submicron  thick,  silicon  oxide  and 
hydrogenated  silicon  carbide  films  were  developed  and  demonstrated  in  the  completed  Wright  Laboratory 
Manufacturing  Technology  Program,  Reliability  Without  Hermeticity  for  Integrated  Circuits  (RWOH)  [5].  Under 
contract  F33615-90-C-5009,  Dow  Corning,  was  teamed  with  the  advanced  packaging  group  of  National 
Semiconductor  Corporation  (prime).  Dow  Corning  had  merged  the  inorganic  dielectric  thin-films  with  standard 

plastic  packaging  processes.  The  hermetic-like  coating  system  was  applied  to  die  on  chip  carriers  which  were 

subsequently  encapsulated  in  plastic.  Testing  of  these  devices  demonstrated  that  with  the  incorporation  of  the 

hermetic-like  coating  system,  the  reliability  of  plastic  packaged  devices  could  approach  that  of  hermetic  ceramic 

packaged  devices  [6].  But  application  of  the  hermetic-like  coatings  at  this  "assembly  level"  is  slow,  performance 
limited  by  contamination  resulting  from  handling  in  early  assembly  steps  and  likely  to  be  costly.  The  goal  of  the 
current  Wright  Laboratory  program  “ChipSeaF^^  Inorganic  Coating  Technology”,  is  to  overcome  the  assembly 
level  limitations  by  integration  of  the  hermetic-like  coating  process  with  the  device  fabrication  process  [7].  Recent 
advances  in  barrier  metal  and  gold  metallization  technology  provide  a  route  to  the  formation  of  high  reliability 
electrical  interconnections  directly  on  the  semiconductor  circuit.  This  combination  of  the  hermetic-like  passivation 
with  a  noble  metal  contact  forms  a  complete  protective  package  that  protects  the  chip  similar  to  assembly  as  though 


9 


it  was  assembled  in  a  hermetic  package.  Its  use  provides  the  industry  with  the  flexibility  to  use  the  hermetic-like 
die  in  a  large  spectrum  of  mounting  formats.  These  range  from  single-chip  packages  to  multi-chip  packaging. 


SUBSECTION  1.0 
RWOH  Coating  of  Test  Devices 

Processes  were  developed  for  depositing  the  silicon  oxide  and  plasma-SiC  films  on  150  mm  wafers  and 
were  used  for  coating  live  device  wafers,  SCX6244UEU  CMOS  Gate  arrays.  The  silicon  oxide  layer  was  deposited 
using  FOx-15  precursor  on  a  SEMIX  automatic  spin  coater  and  cured  for  1  hour  at  350^C  in  N2/H2;  the  film 
thickness  was  5700A,  >99%  uniformity.  The  plasma-SiC  layer  was  deposited  using  trimethylsilane  (SMS) 
precursor  at  13.56  MHz,  1.9  torr,  125  Watt,  and  300°C  (substrate)  by  PECVD;  the  film  thickness  was  5500A, 
>97%  uniformity.  The  live  device  wafers  were  optically  inspected  to  lOOOX  using  Nomarski  and  dark  field 
assessment  techniques  with  no  signs  of  cracking  or  other  film  anomalies.  Figure  1  shows  a  cross-sectional 
photomicrograph  of  a  processed  wafer.  The  coated  live  device  wafers  were  returned  to  National  for  patterning,  etch 
and  packaging. 


Figure  1.  Cross-sectional  photomicrograph  showing  the  sealing  qualities  and  coverage  of 
the  silicon  oxide  and  silicon  carbide  thin  films  (5000X). 

National  reported  a  lower  than  expected  yield  of  the  coated  wafers  from  both  wafer  probe  in  Santa  Clara  and 
packaged  devices  in  Singapore.  In  both  cases,  it  was  believed  that  complete  removal  of  the  oxide/carbide  films  was 
not  achieved  during  the  final  pad  etch  (performed  by  reactive  ion  etching,  RIE)  by  National.  SEM  cross-sections 
provided  by  National  confirmed  the  presence  of  a  foreign  film  on  the  bond  pads.  Analytical  data  derived  from 
Fourier  Transform  Infrared  Spectroscopy  (FTIR)  and  Auger  Electron  Spectroscopy  (AES)  revealed  that  the  foreign 
film  (or  residue)  does  not  contain  any  Si  containing  species  (Si-H  or  Si-0)  bands  suggesting  that  the  residue  is  a 
hydrocarbon  polymer  and  not  incomplete  removal  of  the  silicon  oxide/carbide  dielectric  films  as  first  suspected. 
These  results  also  revealed  that  the  National  metallization  is  no  longer  intact;  most  of  the  gold  is  missing  and  the 
remainder  has  intermixed  with  the  Ni  alloy  layer.  These  bond  pad  conditions  are  the  causes  for  the  lower  yield  and 
packaging  problems  since  adequate  electrical  contact  to  the  bond  pad  interconnect  could  not  be  made. 


In  addition,  initial  engineering  evaluations  were  performed  on  sample  die  using  the  salt  fog  test  in 
accordance  with  MIL-STD-883  M1009.8.  Figures  2  and  3  shows  the  extensive  bond  pad  corrosion  and  surface 
metal  (trace)  corrosion  underneath  National’s  passivation  layer  after  4  hours  of  salt  fog  exposure.  Based  on  these 


results,  it  is  clear  that  the  reliability  of  these  devices  have  been  compromised  and  no  further  reliability  /  life  tests  was 
performed  on  these  test  samples. 


Figure  2.  Appearance  of  the  bond  pad  region  after  4  hours  of  salt  fog  exposure, 
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Figure  3.  Appearance  of  the  bond  pad  region  after  4  hours  of  salt  fog  exposure. 


SUBSECTION  2.0 
Device  Reliability  Testing 

A  variety  of  severe  and  differentiating  reliability  /  life  tests  were  used  to  assess  the  performance  of  plastic 
encapsulated  microcircuits  (PEMs)  in  harsh  environments.  For  this  study,  a  National  commercial  device,  a  68-lead 
SCX6244UE(J  CMOS  Gate  Array  and  a  Sandia  National  Laboratory  (SNL)  Test  Chip  NAT-01  were  selected  as  test 
vehicles.  Comparative  reliability  tests  were  performed  on  devices  assembled  in  plastic  leaded  chip  carriers  (PLCC) 
and  in  traditional  hermetic  packages.  The  reliability  testing,  performed  by  Dow  Corning,  included  temperature 
cycling  per  MIL-STD-883  Method  1010.7,  test  condition  C  (+150  to  -65°C)  in  I  hour  cycles,  highly  accelerated 
stress  test  (HAST)  per  JEDEC-STD  22B  Method  AllO  at  130  ±2  °C,  85%RH,  5  volts  bias  and  HAST  per 
JEDEC-STD  22B  Method  AllO  at  157  ±2  °C,  85%RH,  5  volts  bias  [8,9]. 

The  temperature  cycling  test  was  performed  using  a  Thermotron  Model  ATS-195V-5-5-LN2  vertical,  air  to 
air  theiTnal  shock  unit  with  at  working  temperature  range  of  -73  to  +200  °C.  The  purpose  of  this  test  is  to  assess 
the  materia)  compatibility  and  resistance  of  a  component  to  alternate  accelerated  exposures  of  high  and  low 
temperatures.  Cracking,  separation  and  eventual  breakage  of  the  die,  interconnect,  and  package  are  typical  failure 
mechanisms.  This  test  is  best  used  when  a  salt  fog  exposure  is  performed  immediately  thereafter  to  assess  the 
integrity  of  the  plastic  to  leadffame  interface.  The  temperature  recoveiy  time  for  this  unit,  using  a  standard  1  lb  piece 
of  steel  was  5  minutes.  Annual  calibration  of  the  chamber  temperature  was  within  1  °C  in  the  hot  zone  at  150  °C 
and  2  °C  in  the  cold  zone  at  -65  °C. 

The  HAST  or  pressure,  temperature,  humidity,  bias  (PTHB)  test  was  perfonned  using  an  Express  Test 
Model  HAST- 1000  horizontal,  variable  humidity,  dual  vessel  steam  generator  unit  with  a  working  temperature 
range  of  100-160  ^C.  The  purpose  of  this  test  is  to  highly  accelerate  the  unsaturated  humidity  testing  of  integrated 
circuits  for  process  control  and  reliability  assessment  at  a  6*30000  of  the  time  compared  to  using  conventional 
humidity  test  equipment  (85  '^C/85  %RH).  Corrosion  of  biased  metallization  affecting  the  DC  parameters  from 
either  moisture  penetration  and/or  mobile  ions  are  typical  die  related  failure  mechanisms.  A  15  point  data 
acquisition  system  was  incorporated  into  the  chamber  to  provide  an  accurate  on-line  monitoring  /  profiling  of  the 
test  chamber  during  operation.  Figure  4  illustrates  the  locations  of  the  thermocouples  in  the  HAST  chamber.  The 
supply  water  used  in  the  HAST  chamber  was  18  Meg-ohm  DI  water. 


Figure  4.  HAST  thermocouple  locations  for  on-line  monitoring 

Initial  supply  problems  of  the  HAST  boards  and  associated  resistors  /  capacitors  plagued  the  staiT-up  of  the 
reliability  testing.  Although  ceramic  discrete  components  were  specified  for  the  board  construction,  plastic  coated 
devices  were  assembled  by  the  supplier  (Trio  Tech)  which  subsequently  melted  together,  shorted,  and  became 
unusable  during  a  24  hour  diy  run  at  159°C,  85%  RH.  Replacement  ceramic  discrete  components  were  procured 
and  used  for  the  actual  HAST  reliability  testing.  In  addition,  the  sockets  used  to  bias  the  PQFP  also  shrunk 
slightly  after  the  first  24  hour  run  through  the  HAST  exposure.  Both  the  original  discretes  and  the  sockets  are 
reported  to  resist  prolong  autoclave  conditions  (121  °C,  100%RH)  and  high  temperatures  (200  °C).  However, 
having  both  conditions  at  lower  exposure  limits  simultaneously  can  produced  disastrous  results.  Figures  5,  6,  and 
7  show  layout  and  construction  of  the  HAST  boards. 


Figure  5.  A  photograph  showing  an  assembled  HAST  board. 


Figure  6.  A  close-up  photograph  showing  the  socket  and  discrete  components  of  an  assembled  HAST  board. 


Figure  7.  A  close-up  view  showing  the  component  densit}^  of  an  assembled  HAST  board. 
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The  temperature  data  is  recorded  for  each  operation  of  the  HAST  system.  The  typical  temperature 
variance  in  the  chamber  was  2  °C.  A  representative  plot  illustrating  the  average  temperature  exposure  for  both  the 
130  °C  and  157°C  conditions  are  shown  in  Figures  8  and  9  respectively. 


Time,  Hours 

Figure  8.  A  typical  average  temperature  plot  of  a  130  °C  HAST  condition  during  the  PPA  reliability  testing. 
The  typical  temperature  variance  in  the  chamber  was  2  °C. 
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Time,  Hours 


Figure  9.  A  typical  temperature  plot  of  a  159  °C  HAST  condition  during  the  PPA  reliability  testing. 

The  typical  temperature  variance  in  the  chamber  was  2  °C. 

Botli  the  National  SCX6244UEU  CMOS  gate  array  devices  and  the  Sandia  test  chip  NAT-01  were 
exposed  to  tlie  HAST  conditions  within  the  same  test  nm.  The  interim  device  electrical  tests  were  performed  by 
National  and  the  performance  results,  derived  from  the  electrical  testing,  may  be  found  in  National’s  report.  The 
interim  electrical  tests  and  its  subsequent  analysis  for  the  NAT-01  test  chips  were  performed  by  Dow  Corning  and 
are  discussed  below. 
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SNL  Test  Devices  NAT-0 1 


The  Sandia  National  Laboraloo  Test  Chip.  NAT-01  has  Tour  separate  sections:  a  capacitive  moisture 
sensor  wliich  was  divided  into  two  parts,  one  with  no  passivation  and  one  with  a  phosphorosilicate  glass  (PSG) 
passivation;  and  a  section  of  triple  tracks  which  was  also  divided  into  an  area  with  passivation  and  one  with  no 
passivation.  The  triple-track  areas  were  for  corrosion  measurements  which  consisted  of  resistance  measurements 
of  each  line.  The  triple-tracks  were  alternately  biased  with  the  center  leads  positive.  The  bias  on  ail  devices  was  5 

volts  DC. 


A  test  procedure  and  fi.vture  \tas  dev  eloped  for  the  SNT  NAT-01  test  devices  so  that  measurements  could 
be  taken  easily  using  the  HP4194  analyzer  and  a  resistance  meter.  Initial  measurements  were  made  on  12  test 
devices  to  be  used  in  the  first  tests.  Due'lo  HAST  equipment  malfunctions  during  the  preliminary  study  of  the 
Sandia  test  chips,  a  total  cumulative  e.xposure  of  35  hours  was  completed  prior  to  a  prolonged  down  time  (for 
chamber  repair). 

The  unpassivated  moisture  sensor  showed  increased  capacitance  and  conductance  with  prolonged 
exposure;  due  to  the  diffusion  of  moisture  or  ions  from  the  package  into  the  sensor.  The  passivated  sensors  only 
showed  a  higher  conductance.  The  devices  were  baked  to  return  them  to  the  pre-test  condition  but  only  the 
unpassivated  showed  reversible  behavior.  Both  passivated  and  unpassivated  sensors  showed  scattered  results.  The 
unpassivated  sensors  seemed  more  reliable  than  the  passivated  ones.  Triple  track  results  showed  no  change  of 
track  resistance  on  all  passivated  structures  for  the  total  35  hour  e.xposure.  All  e.xcept  the  unpassivated  ULS12HX 
showed  changes  over  the  time  e.xposure.  These  data  may  be  found  in  Appendi.x  .4  tor  further  review. 

Additional  measurements  were  made  on  a  second  group  of  NAT-Ol  test  devices  which  were  tested  in 
parallel  with  the  SCX6244UEU  CMOS  gate  arravs.  Prior  work  by  SNL  indicated  that  the  sensors  should  reach 
moisture  saturation  in  about  7  hours  and  show  a  rise  in  capacitance  of  about  25%  at  saturation.  The  NAT-01  test 
devices  were  exposed  to  HAST  conditions  for  the  time  periods  indicated  a-'d  then  stored  in  dry  nitrogen  between 
successive  exposures  for  periods  of  1  to  6  weeks  depending  on  the  necessan-  HAST  maintenance  or  interim  RT 
electrical  testing  of  the  CMOS  Gate  arrays.  The  sensors  were  tested  within  4  hours  of  being  removed  from  the 
HAST  condition;  this  would  put  the  values  for  the  metisured  capacitance  within  60%  of  the  saturation  value  of  the 
sensors.  The  tabulated  data  may  be  found  in  Appendix  B. 


HAST  (a).  157  °C  &  85%  RH  ,a  a  n 

The  capacitance  readings  were  qmte  erratic  and  are  therefore  shown  on  a  log  scale  in  Figures  iO  and  12. 

We  estimate  an  average  25%  rise  in  capacitance,  which  translates  for  measurements  of  about  20  pF  (Log  20  =  1.3) 
to  a  rise  5  pF  (Log  25  =  1.40).  The  conductance  readings,  shown  graphically  in  Figures  1 1  and  13  were  similar  m 
nature;  the  unpassivated  sensors  seemed  to  be  less  erratic  than  the  passivated  sensors. 


The  triple-track  corrosion  sensors,  shorvn  in  Figures  14  and  15,  revealed  more  iitformation.  The  track 
resistances  decayed  to  opens  very'  rapidly  (most  of  the  unpassivated  ones  within  the  first  24  hours).  The  highest 
rate  of  failure  was  the  X9074.07  molding  compounds  in  both  the  unpassivated  and  passivated  cases.  The  B24  and 
the  ULS12H-X  compounds  showed  the  slowest  rate  of  failure. 


HAST  @  130  °C  &  85%  RH  u,  .  ■  .i 

The  capacitance  values,  shown  graphically  in  Figures  16  and  18,  were  much  more  stable  than  in  the 

157°C  HAST  Most  devices  exhibited  little  or  no  change  as  a  result  of  the  test.  The  ULS12H-X  and  the  X9074.07 
compounds  were  the  most  erratic  (unstable)  in  the  passivated  section;  there  were  some  large  changes  from  the 
unexposed  values,  such  as  the  ULSI2H  unpassivated  material  wliich  could  be  attributed  to  flaws  in  the  sensor  or 
holes  in  the  passivation.  The  conductance  values,  shown  graphically  in  Figures  17  and  19,  showed  similar 

behavior. 
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The  iriple-track  measuremcias.  show,,  graphially  in  Figures  20  and  21,  of  ^ 

rapidly  decayed  lo  opens  .illiin  die  firsl  lesi  iiilenal  (210  Hrs.)  The  passivaled  sensors  uill.  Il.e  X2074  07  and 

the  ULS12H-X  compounds  had  the  highest  failure  rales. 
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Figure  10,  Cumulative  capacitance  measurements  of  MSI  impassivated  moisture  sensois 

after  157  °C  HAST  exposure. 
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Figure  1 1,  Cumulative  conductance  measurements  of  MSI  unpassivated  moisture  sensors 

after  157  °C  HAST  exposure. 


Cumulative  %  Failure 


Figure  20.  Cumulalive  rcsisinnce  failures  of  unpassivaied  triple  iraeks  after  l.tO  HAST  e.\posure 


Figrire  21.  Cumulative  resistance  failures  of  passivated  triple  tracks  after  130  °C  HAST  e.xposure. 


Further  advancements  have  been  made  in  the  hermetic- like  coating  system  using  molecular  designed  silicon 
miaterials  and  have  been  combined  in  a  multilayer  structure  to  produce  a  "sealed  IC  chip"  using  wafer  level 
processing  [7].  The  optimization  of  this  process  technology  is  currently  underway  in  an  Air  Force  Wright 
Laboratory  development  program  called,  “ChipSeal™  Inorganic  Coating  Technology’',  teaming  Dow  Corning,  the 
David  Samoff  Research  Center  (Sarnoff)  and  the  Advanced  Packaging  Group  at  the  Microelectronics  Center  of  North 
Carolina  (MCNC).  Functional  ''ChipSealed”  devices,  with  hermetic  coatings  and  high-rel  metal  bond  pads,  have 
been  fabricated  with  high  yields.  Figure  22  shows  a  schematic  cross-section  of  a  contact  on  a  "hermetic-like"  IC. 
The  smoothing  and  sealing  of  the  surface  topography  can  be  observed  near  the  edge  of  the  bond  pad  region.  This 
characteristic  is  routinely  acheived  during  processing.  Reliability  testing  is  underway. 


Figure  22.  A  Cross-sectional  Illustration  of  a  Flermetic  -Like  Sealed  IC  fabricated  under  an  Air  Force 
Wright  Laboratory  sponsored  program  called,  “ChipSeal™  Inorganic  Coating  Technology”. 


This  combination  of  the  hermetic-like  passivation  with  a  noble  metal  contact  forms  a  complete  protective  package 
that  protects  the  chip  as  though  it  was  assembled  in  a  hermetic  package.  This  device  is  fully  compatible  with  all 
electrical  test  and  interconnect  technology.  The  use  of  the  thin-film  protection  technology  described,  enables  the 
semiconductor  manufacturing  communiW  to  supply  low  cost,  high  volume  robust  devices  for  militaiy  and 
commercial  systems. 


Program  Conclusions 

The  objectives  of  the  program  were  to  investigate  contemporary  plastic  molding  compound  technologies 
and  assess  their  use  in  militaiy  systems  through  rigorous  reliability  testing.  The  initial  attempt  to  integrate  the  SiC 
passivation  system  into  National’s  processes  did  not  meet  minimum  engineering  screening  tests  due  to  unexpected 
bond  pad  degradation  from  the  dry  etch  process. 


Acknowledgement: 

The  authors  gratefully  acknowiegde  the  support  and  efforts  of  USAF  Wright  Laboratory,  ARPA  and  the  DoD. 


References 

[1]  G.  Chandra,  "Low  Temperature  Ceramic  Coatings  for  Environmental  Protection  of  Integrated  Circuits,"  Mat. 
Res.  Soc.  Proc.,  203  (1991),  97-108. 

[2]  R.C.  Camilletti  and  G.  Chandra,  "Low  Temperature  Ceramic  Coatings  for  Chip-On-Board  Assemblies,"  SMT 
Proc.,VoI  1,  (1992),  71-83. 

[3]  S.S.  Snow  and  G.  Chandra,  -‘Surface  Protected  Electronic  Circuits  Research,”  Final  Technical  Report  for  Period 
15  August  1986  to  14  September  1989,  AFOSR  Contract  F49620-86-C-01 10,  Dow  Corning,  Midland,  MI  (1989). 

[4]  S.S.  Snow  and  G.  Chandra,  “A  Novel  Packaging  Concept:  Surface  Protected  Electronic  Circuits,”  GOMAC 
Digest  of  Papers.  529-532,  (1990). 

[5]  R.C.  Camilletti  and  E.  Huang,  -‘Reliability  Without  Hermeticity  for  Integrated  Circuits,”  Final  Technical 
Report  for  Period  March  1991  to  September  1993,  USAF/WL  ManTech  Contract  F336I5-90-C-5009,  National 
Semiconductor,  Santa  Clara,  CA  and  Dow  Corning,  Midland,  MI  (1993). 

[6]  R.C.  Byrne  and  R.C.  Camilletti,  "Reliability  Without  Hermeticity  (RWOH)  for  Integrated  Circuits:  Sealed 
Chips  for  Flermetic-like  Protection,"  Proc.  1993  GOMAC  Conf.,  Vol  XIX,  (1993),  37-40. 

[7]  R.C.  Camilletti  and  M.J.  Loboda,  -‘Thin-Film  IC  Packaging  for  MCM  Applications,”  ISHM  1995 
International  Conference  on  Multichip  Modules,  519-523,  (1995). 

[8]  Mil-Std-883D,  Test  Methods  and  Procedures  for  Microelectronics  (1991). 

[9]  JEDEC  Standard  No.  JESD-22. 


17 


Glossary  of  Terms 


AES 

AREA 

CMOS 

CVD 

DoD 

DI 

DLA 

FOx® 

FTBR 

GaAs 

HAST 

IC 

JEDEC 

MCM 

Ni 

PECVD 

PEM 

PLCC 

PQFP 

PPA 

RH 

RIE 

RT 

RWOH 

SEM 

Si 

SiC 

SMT 

SOIC 

SPEC 

TSOP 

WL 


Auger  Electron  Spectroscopy 

Advanced  Research  Program  Office 

Complementaiy'  Metal  Oxide  Semiconductor 

Chemical  Vapor  Deposition 

Department  of  Defense 

Deionized  water 

Defense  Logistics  Agency 

Flowable  Oxide 

Fourier  Transform  Infrared  Spectroscopy 
Galliium  Arsenide 
Highly  Accelerated  Stress  Test 
Integrated  Circuit 

Joint  Electronic  Device  Engineering  Council 

MuItiChip  Module 

Nickel 

Plasma  Enhanced  Chemical  Vapor  Deposition 

Plastic  encapsulated  microcircuit 

Plastic  Leaded  Chip  Carrier 

Plastic  Quad  Flat  Pack 

Plastic  Packaging  Availability 

Relative  Humidity 

Reactive  Ion  Etch 

Room  Temperature 

Reliability  WithOut  Hermeticity 

Scanning  Electron  Microscope 

Silicon 

Silicon  Carbide 
Surface  Mount  Technology 
Small  Outline  Integrated  Circuit 
Surface  Protected  Electronic  Circuits 
Tliin  Small  Outline  Package 
Wright  Laboratory' 


FOx®  Flowable  Oxide  is  a  registered  trademark  of  the  Dow  Corning  Corporation. 
ChipSeal™  Inorganic  Coating  Technology  is  a  trademark  of  the  Dow  Corning  Corporation. 
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Low  lead  Count  Environmental  Testing 


Introduction 

Two  part  types  were  tested  for  the  DLA  Plastic  Package  Availability  (PPA)  Program,  the  LM124  14  pin  Quad 
Op  Amp  and  the  SCX  6244  68  pin  ASIC  device.  This  section  will  discuss  the  low  lead  count  LM124  device 
environmental  testing  and  the  test  results.  These  tests  are  part  of  Task  7,  Reliability  Testing,  of  the  PPA  Program,  and 
were  conducted  at  the  Naval  Surface  Warfare  Center,  Crane  Division,  Crane,  Indiana,  Dan  Quearry  Task  Manager. 

Figures  1  and  2  show  the  flow  diagram  of  the  design  of  experiments  for  the  environmental  testing  on  the  LM124.  The 
Highly  Accelerated  Stress  Test  (HAST)  tests  were  performed  at  two  temperatures,  130  degrees  C  and  159  degrees  C  at 
85%  Relative  Humidity  (RH).  Temperature  Cycling  (TC)  was  done  at  -65  degrees  C  to  +150  degrees  C.  High 
Temperature  Storage  (HTS)  was  performed  at  175  degrees  C.  The  Op  Life  test  shown  in  Figure  2  was  originally 
included  in  the  design  of  experiments  but  was  dropped  because  of  lack  of  available  test  time  and  limited  resources.  It  was 
also  felt  that  not  much  would  be  gained  from  the  Op  Life  testing  on  these  components  as  they  are  mature  product 
manufactured  on  a  high  volume  line.  The  dye  penetrant  tests  were  performed  at  Rome  Lab  and  the  test  results  are 
discussed  in  another  section.  The  failure  analysis  work  was  performed  at  National  Semiconductor  and  will  also  be 
discussed  in  another  section  of  this  report. 


Figure  1 
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Figure  2 

For  the  low  lead  count  design  of  experiment  two  package  types  were  tested,  a  14  pin  DIP  and  a  14  pin 
wide  body  SOIC.  Four  epoxy  molding  compounds  (EMC)  were  used  and  tested,  one  specific  to  DIP  packages, 
one  specific  to  SOIC  packages  and  two  used  in  both  the  DIP  and  SOIC  package.  These  EMCs  were  the 
Plaskon  standard  3400,  Plaskon  3400x  enhanced  (reduced  contaminates  and  ion  getters  added).  National 
Semiconductor’s  B14  (used  for  SOIC  packages),  and  National’s  B8  (used  for  DIP  packages).  The  14  pin  SOIC 
package  was  tested  under  two  different  conditions,  VCC  of  5  volts  and  30  volts,  the  30  volts  VCC  is  within  the 
device’s  rated  operating  range.  The  14  pin  DIP  package  style  was  tested  with  two  different  conditions, 
preconditioning  and  non-preconditioning. 

An  experimental  control  lot  of  LM124  ceramic  packaged  devices  was  included  in  each  environmental 
test  series,  HAST,  Temperature  Cycling,  High  Temp.  Storage,  and  Salt  Fog.  Also  three  devices  with  only  the 
Sandia  Sensor  chip  were  included  in  each  of  the  test  legs  of  the  HAST  testing.  These  devices  were  packaged 
with  the  same  EMC,  same  package  styles  and  were  manufactured  under  the  same  conditions  as  the  test  devices. 
The  test  results  from  the  Sandia  Sensor  chips  will  be  discussed  in  another  section  of  this  report. 

All  the  plastic  encapsulated  microcircuits  were  molded  at  the  overseas  facilities  that  normally  produce 
high  volume  commercial  components  for  National  Semiconductor.  A  team  from  National  Semiconductor,  Santa 
Clara,  and  Rome  Lab  visited  the  facilities  and  monitored  the  manufacturing  processes.  All  components  were 
visually  inspected,  serialized,  and  electrically  tested  to  MIL  Spec,  standards  before  environmental  testing  began. 
Figure  3  shows  the  individual  design  of  experiments  test  flow  for  the  130  degree  C  HAST  test. 

The  scanning  acoustic  microscopy  was  used  to  take  a  C-SAM  picture  of  all  the  HAST  DIP  devices  and 
all  the  temperature  cycling  DIP  and  SOIC  devices  before  environmental  testing  and  then  after  failures. 
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NOTES  ? 

SOIC  EMC 

Product  6  legs  x  15- Pl-Plaskon 
Sensors  6  legs  W  P2- 

P3-National  B14 
DIP  P4-National  B8 

Product  8  legs  x 
Sensors  8  legs  2^  3= 

25]2Dtal  ~ 

C--SAM  done  on  DIPs  initially  &  at  failure 

Figure  3 

HAST  -  130  degrees  C 

A  commonly  used  test  to  activate  and  accelerate  the  moisture  failure  mechanism  prevalent  in  plastic 
encapsulated  microcircuits  is  the  Highly  Accelerated  Stress  Test  (HAST).  One  set  of  HAST  tests  were 
performed  at  130  degrees  C  at  85%  RH.  This  test  condition  was  selected  as  it  is  commonly  used  in  industi7  for 
testing  commercial  plastic  ICs. 

The  HAST  chamber  used  at  NSWC  Crane  was  the  Express  Test  lOOOX.  The  HAST  fixtures  were 
manufactured  by  HAST  Solutions.  The  HAST  chamber  and  HAST  fixturing  was  cleaned  with  alcohol  and 
rinsed  with  DI  water  at  the  beginning  of  each  test  cycle.  The  test  operator  wore  rubber  gloves  while  cleaning  and 
loading  the  devices  in  the  HAST  fixturing  to  reduce  the  introduction  of  contaminates.  To  maintain  the  85% 
relative  humidity  Dl  water  was  used  in  the  HAST  chamber  to  minimize  unknown  contaminates. 

The  devices  were  electrically  tested  initially,  and  at  216,  324,  432,  648,  864,  and  1080  hours  after  the 
devices  were  taken  from  the  HAST  chamber  to  detect  any  failures.  Table  1,  page  13,  shows  the  test  results  from 
the  130  degree  C  HAST  up  to  1080  hours.  Testing  on  the  130  degree  HAST  had  to  be  stopped  after  1080 
hours  because  of  time  constraints  at  the  end  of  the  program.  Only  one  failure  was  encountered  with  the  non- 
preconditioned  DIP  devices  and  only  one  failure  with  the  5  volt  VCC  SOIC  devices  up  to  1080  hours.  It  should 
be  noted  that  1080  hours  of  HAST  at  130  degrees  C  far  exceeds  test  times  that  are  normally  done  in  the 
commercial  world.  In  1994  a  JEDEC  survey  concluded  the  average  HAST  test  time  at  130  degrees  was  100 
hours. 

Figure  4  is  a  chart  showing  the  comparison  between  the  failures  of  the  DIP  preconditioned  devices  and 
the  DIP  non-preconditioned  devices  in  130  degree  HAST.  The  preconditioning  tests  are  performed  to  simulate 
manufacturing  stresses  that  the  plastic  components  will  encounter.  These  preconditioning  flows  are  the  ones 
used  by  National  for  their  commercial  components.  The  DIP  devices  andthe  SOIC  devices  were  preconditioned 
as  shown  in  figure  5. 

Of  the  ceramic  DIP  control  lot  tested  in  HAST  at  130  degrees  C  only  one  device  failed,  it  was  at  30 
volts  VCC.  At  the  time  this  report  was  written  the  cause  of  this  failure  was  not  understood. 


Test  Times 
0  hrs 
216  hrs 
432  hrs 
648  hrs 
864  hrs 
1080  hrs 
1296  hrs 
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Figure  6 

Figure  6  shows  a  test  results  comparison  between  the  EMCs  used  in  the  DIP  package  style  with  no 
preconditioning  tested  in  HAST  at  130  degrees  C.  As  can  be  seen  after  864  hours  of  HAST,  there  were  no 
failures  that  could  help  distinguish  between  the  three  different  EMCs.  This  was  one  of  the  reasons  for  selectin 
series  of  HAST  tests  at  159  degrees  C,  to  further  accelerate  the  failure  to  help  evaluate  the  plastic  ICs  in  a  moi 
timely  manner. 


Figure  7 


Figure  7  is  a  comparison  of  the  130  degree  C  HAST,  85%  RH,  SOIC  package  style,  5  volts  VCC 
versus  30  volts  VCC.  As  can  be  seen  the  30  volts  VCC  fails  sooner  than  the  5  volt  VCC-  The  30  volt  VCC 
is  within  the  operating  range  of  the  LM 124  device. 
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HAST  -  159  decrees  C 

Another  series  of  HAST  tests  were  performed  at  159  degrees  C  and  85%  RH.  This  test  condition  was 
selected  to  give  a  second  temperature  data  point  for  the  HAST  and  to  accelerate  the  number  of  HAST  failures  to 
get  more  failure  data.  One  concern  when  testing  at  159  degrees  in  the  HAST  chamber  is  that  other  failure 
mechanisms  may  be  activated  besides  the  intended  moisture  and  corrosion  mechanisms.  Failure  analysis  done 
on  the  130  degree  C  and  159  degree  C  HAST  failures  did  not  show  failure  causes  other  than  corrosion  for  the 
low  lead  count  devices. 

The  devices  were  electrically  tested  initially,  and  at  216,  324,  432  and  648  hours  the  devices  were  taken 
from  the  FIAST  chamber  to  detect  any  failures.  Table  2,  page  14,  shows  the  test  results  for  the  low  lead  count 
devices  from  the  159  degree  C  HAST  with  85%  RH.  The  159  degree  HAST  testing  was  stopped  after  648 
hours  because  all  the  plastic  IC  lots  had  reached  50  %  failure  except  one. 

When  the  159  degree  85%  RH  HAST  testing  was  concluded  after  648  hours  none  of  the  ceramic  control 
devices  had  failed. 


Figure  8  shows  a  comparison  of  the  three  EMCs  used  in  the  DIP  package  with  no  preconditioning  at 
159  degrees  C  HAST.  The  older  National  B8  EMC  failed  Erst  with  the  Plaskon  3400  lasting  much  longer. 
The  Plaskon  3400X  enhanced  EMC  show  a  slight  improvement  over  the  3400  and  is  much  better  than  the  B8. 
All  three  preconditioned  DIP  test  lots  had  reached  at  least  50%  failure  at  the  first  data  point  of  2 16  hours. 


Figui'e  9 

Figure  9  is  a  comparison  of  the  three  EMCs  used  in  the  SOIC  package  at  5  volts  VCC  at  159  degrees  C 
HAST  with  85%  RH.  The  older  National  B14  SOiC  EMC  failed  first  with  the  Plaskon  3400  lasting  much 
longer.  The  Plaskon  3400x  enhanced  EMC  shows  a  marked  improvement  over  the  3400  and  is  much  better 
than  the  B14.  All  three  of  the  SOIC  test  lots  at  30  volts  VCC  had  reached  at  least  50%  failure  at  the  first  data 
point  of  216  hours. 
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Figure  10  is  a  comparison  of  the  three  DIP  lots  that  were  preconditioning  versus  the  three  DIP  lots  that 
were  non-preconditioning  at  159  degrees  HAST  with  85%  RH.  As  can  be  seen  from  the  test  results 
preconditioning  can  make  a  significant  difference  in  the  HAST  test  results.  At  the  time  this  report  was  being 
prepared  we  do  not  fully  understand  the  cause  of  the  accelerated  failures  of  the  preconditioned  devices.  A 
customer  buying  PEMs  should  be  aware  of  the  type  of  preconditioning  tests  that  are  performed  on  the  devices 
that  they  will  be  purchasing. 


DLA  Plastic  Package 
Availability  Program 

HAST  159  deg.  C,  85%  RH 


NOTE:  Failure  #'s  are  accumulative 


Figure  1 1 

Figure  1 1  compares  the  total  number  of  failures  of  the  DIP  package  versus  SOIC  package  types  in  1 59 
degree  HAST  with  85%  RH.  This  includes  90  DIP  devices  and  90  SOIC  devices  for  a  total  of  180  devices.  As 
can  be  seen  from  the  chart,  the  package  style,  at  least  in  this  case,  did  not  effect  the  HAST  failure  rates.  This 
may  not  be  true  for  ail  package  styles  and  should  be  another  factor  that  the  PEM  customers  must  be  aware  of. 

Figure  12  compares  the  total  number  of  130  degree  HAST  failures  (out  of  1 80)  to  the  total  number  of  159  degree 
HAST  failures  (out  of  180)  with  85%  RH.  Naturally  the  159  degree  HAST  failure  rate  is  higher  than  the  130 
degree  HAST  but  not  as  high  as  some  acceleration  factors  would  indicate  with  the  29  degree  C  temperature 
difference. 
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Difficulties  With  HAST  Testing 

HAST  testing  can  be  an  effective  way  to  accelerate  the  moisture  and  corrosion  failure  mechanisms  that 
are  inherent  to  plastic  encapsulated  microcircuits.  There  were  several  problems  encountered  by  NSWC  Crane  in 
performing  the  HAST  testing  which  are  briefly  listed  and  discussed  below. 

HAST  Fixtures 

The  HAST  fixturing  used  in  the  NSWC  Crane  HAST  chamber  was  manufactured  by  HAST  Solutions. 
One  problem  with  the  HAST  fixturing  is  that  it  is  costly.  The  board  for  a  120  position  DIP  fixture  was  $725 
and  a  42  position  SOIC  fixture  with  sockets  was  $958.  To  test  120  DIP  devices  and  90  SOIC  devices  for  the 
PPA  design  of  experiment  required  two  DIP  HAST  fixtures  ($1450)  and  three  SOIC  HAST  fixtures  ($2574)  for  a 
total  fixture  cost  of  $4024. 

Another  problem  with  the  HAST  fixturing  is  the  wear  out  and  resulting  replacement  of  the  HAST 
fixtures.  The  HAST  testing  at  159  degrees  C  with  85%  RH  accelerates  the  wear  out  of  the  fixture  over  the 
HAS^i'  at  130  degrees  C.  Two  HAST  boards  were  damaged  during  the  PPA  HAST  testing  and  had  to  be 
replaced. 

Cleaning  of  IC  Leads  After  HAST  Testing 

The  HAST  environmental  testing  at  130  and  159  degrees  with  85%  RH  caused  some  degradation  of  the 
device  lead  finish.  This  resulted  in  a  device  lead  connectivity  problem  with  the  ATE  test  socket  during 
electrical  testing.  This  required  manually  cleaning  the  leads  after  each  HAST  run  to  ensure  good  electrical 
contact  of  the  devices  leads  in  the  ATE  socket.  The  DIP  leads  were  a  problem  but  the  SOIC  leads  were  even 
more  difficult  because  of  their  smaller  size. 

Length  of  Electrical  Testing 

The  low  lead  count  device  LM124  was  electrically  tested  on  Automatic  Test  Equipment  (ATE) 
initially  before  each  environmental  test  and  at  several  monitor  points  during  the  environmental  testing.  The 
LM124  is  a  quad  Op  Amp  linear  device.  The  electrical  tests  were  done  on  a  Teradyne  A3 12  ATE  to  Mil.  Spec. 
Mil-M-385 10/1  lOA.  This  test  program  run  time  proved  to  be  very  lengthy  so  some  tests  were  deleted  in  an 
effort  to  reduce  the  ATE  test  time  to  three  minutes  but  still  test  most  of  the  performance  aspects  of  the  device.  In 
practice  the  actual  ATE  test  time  was  approximately  five  minutes.  The  ancient  operating  system  of  the  A3 12 
also  resulted  in  difficulties  in  changing  programming  parameters  and  long  delays  in  saving  test  data  results.  The 
lab  ATE  operators  averaged  ten  devices  tested  per  hour  for  about  80  devices  per  eight  hour  shift.^  When  testing 
the  350  devices  from  the  Temperature  Cycling  or  High  Temperature  Storage  tests,  electrical  testing  usually  took 
a  full  five  day  work  week  or  longer  with  unexpected  delays. 


Salt  Fog 

This  test  was  performed  at  35  degrees  C  with  a  3%  salt  solution  for  48  hours  to  a  Mil. -STD-883 
TM1009.  Before  and  after  environmental  testing  a  visual  inspection  was  performed.  None  of  the  plastic  devices 
failed  the  salt  fog  test.  The  salt  fog  test  as  performed  by  the  Mil.  Spec,  may  not  be  an  adequate  test  for  plastic 
encapsulated  microcircuits.  The  test  does  not  determine  if  the  salt  solution  has  permeated  the  epoxy  molding 
compound  and  reached  the  microcircuit  die  to  prematurely  start  corrosion. 
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High  Temperature  Storage 

The  High  Temperature  Storage  (HTS)  test  accelerates  temperature  induced  failures  such  as 
interdiffusion,  Kirkendall  Voiding  and  depolymerization.  The  HTS  tests  were  performed  at  175  degrees  C  with 
no  voltage  applied  to  the  devices.  Electrical  tests  were  performed  at  initial,  216,  432,  1080  and  1512  hours. 
Table  3,  page  15,  shows  the  test  results  for  the  HTS  tests.  Only  four  failures  occurred  after  1512  hours  of 
testing,  the  industry  average  for  the  HTS  is  1000  hours.  After  1512  hours  of  HTS  none  of  the  ceramic  control 
devices  failed. 

Temperature  Cycling 

The  temperature  extremes  used  in  the  temperature  cycling  tests  are  used  to  activate  failure  mechanisms 
related  to  mechanical  stresses  caused  by  the  different  Coefficient  of  Thermal  Expansions  (CTE)  of  the  materials 
used  in  the  plastic  IC.  The  temperature  cycling  tests  were  performed  at  -65  degrees  C  to  +150  degrees  C  with  a 
dwell  time  of  30  minutes  and  a  transition  time  of  30  seconds.  Electrical  tests  were  performed  at  initial  and  216, 
432,  1080  and  1512  cycles.  In  industi7  it  is  common  to  test  up  to  1000  cycles  of  temperature  cycling.  Table  4 
,  page  16,  shows  the  test  results  of  the  temperature  cycle  tests. 

One  ceramic  control  device  failure  occurred  after  1080  cycles  of  temperature  cycling.  This  failure  is 
being  investigated,  but  at  the  writing  of  this  report  the  cause  of  the  failure  was  not  understood. 


Op  Life 

The  Operational  Life  test  was  originally  included  in  the  design  of  experiments  but  was  deleted  because 
of  limited  resources  available  and  the  amount  of  relevant  test  data  that  we  thought  we  would  gain  from  the  Op 
Life  test.  This  is  not  to  say  that  Op  Life  should  not  be  done  on  plastic  ICs.  This  was  a  mature  product  with 
existing  data  available. 


Summary 

The  environmental  tests  performed  on  the  LM124  low  lead  count  devices  yielded  a  large  amount  of  test 
data  and  information.  The  interpretation  of  this  data  is  discussed  in  other  sections  of  this  report.  Some  root 
cause  of  failures  are  still  not  understood  and  require  further  study.  The  preconditioning  of  the  PEM  device  is  an 
important  factor  in  the  environmental  test  results.  The  cause(s)  of  the  differences  between  preconditioning  and 
non-preconditioning  test  results  is  not  thoroughly  understood  and  need  to  be  further  investigated.  One  topic  that 
was  not  fully  addressed  in  this  report,  but  is  always  requested,  is  how  the  accelerated  life  test  results  equate  to 
system  life  reliability.  Because  of  the  numerous  different  definitions  of  “system  life”  this  is  a  difficult  question  to 
answer  but  certainly  needs  to  be  addressed  in  a  future  study.  There  is  still  a  lot  of  research  and  investigation  that 
needs  to  be  accomplished  on  plastic  encapsulated  microcircuits  when  used  in  some  harsh  or  unique  military 
environments. 


TABLE  1 
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TABLE  2 
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MICROSCOPE  AND  DYE  PENETRANT  EVALUATION 


James  R  Reilly 
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Fax:  315-330-2153 
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PLASTIC  PACKAGE  AVAILABILITY  PROGRAM 

OUTLINE 


•  FAILURE  ANALYSIS  RESULTS 

•  C-SAM  RESULTS 

•  DYE  PENETRANT  RESULTS 

•  CONCLUSIONS 


PLASTIC  PACKAGE  AVAILABILITY  PROGRAM 


FAILURE  ANALYSIS  RESULTS 


•  PACKAGES  SHOWED  EXTERNAL  DAMAGE  AT  130  AND 
159°C 

•  ALL  1 30°C  HAST  FAILURES  APPEAR  TO  BE  THE  RESULT 
OF  CORROSION:  PRIMARILY  THE  POWER  PIN  BOND  PAD 

•  ALL  1 59°C  HAST  FAILURES  APPEAR  TO  BE  THE  RESULT 
OF  CORROSION:  PRIMARILY  THE  POWER  PIN  BOND  PAD 

•  CORROSION  REACTANTS  AND  PRODUCTS  WERE  NOT 
IDENTIFIED 


PLASTIC  PACKAGE  AVAILABILITY  PROGRAM 

TYPICAL  EXTERNAL  PACKAGE  CORROSION 


PLASTIC  PACKAGE  AVAILABILITY  PROGRAM 


CORROSION  RESULTING  FROM  HAST  AT  130X 


CORROSION  RESULTING  FROM  HAST  AT  159°C 


PLASTIC  PACKAGE  AVAILABILITY  PROGRAM 


C-SAM  RESULTS 


•  CHARACTERISTIC  MANUFACTURING  DEFECTS  IDENTIFIED 
-  DE-GATE  DAMAGE 

•  DELAMINATION  CAUSED  BY  PRECONDITIONING 

•  DELAMINATION  GROWTH  CAUSED  BY  100  TEMP  CYCLES 

•  CORROSION  FAILURE  CHARACTERISTICS  IDENTIFIED 

•  EXTENT  OF  DELAMINATION  DETECTED  VARIED  WIDELY 
FROM  PART  TO  PART 


PLASTIC  PACKAGE  AVAILABILITY  PROGRAM 

DIP  WITH  NO  PRECONDITIONING 


•  BENDS  m  TIE  BAR 
CAUSE  APPARENT  OR 
ACTUAL 

DELAMINATION  AT 
THE  BENDS 

•  COMMON 
DELAMINATION  ON 
LEAD  8  MAY  BE  THE 
RESULT  OF  DE-GATE 
DAMAGE 


PLASTIC  PACKAGE  AVAILABILITY  PROGRAM 

DIP  WITH  PRECONDITIONING 


•  DELAMmATION 
GROWTH  AT  WIRE 
BOND  LOCATIONS 
TYPICAL  OF 
PRECONDITIONING 

•  LONGEST  LEADS 
OFTEN  SHOW 
DELAMINATION 

•  SHORTEST  LEADS  (4 
AND  11)  NEVER  SHOW 
DELAMINATION 


PLASTIC  PACKAGE  AVAILABILITY  PROGRAM 

FAILED  DIP 


•  IMAGE  SHOWS 
DELAMINATION 
GROWTH  AROUND  TIE 
BAR  BENDS  AND  DIE 
PADDLE,  AND  DE-GATE 
DAMAGE 

•  PATTERN  ON  THE  DIE 
SURFACE  IS  TYPICAL 
OF  PARTS  WITH  SEVER 
CORROSION  OF  THE 
POWER  PIN 


DELAMINATION  GROWTH  AT  THE  EMC/LEAD  FRAME  INTERFACE 
AFTER  100  TEMPERATURE  CYCLES  APPEARS  TO  EXTEND  TO  THE 
EXTERIOR  OF  THE  PACKAGE 


PLASTIC  PACKAGE  AVAILABILITY  PROGRAM 

DYE  PENETRANT  RESULTS 

•  TEST  PERFORMED  ACCORDING  TO  MIL-STD-883,  TM-1034 

•  PRECONDITIONED  DIP  AND  SOIC  PACKAGES  BOTH  SHOW 
DELAMINATION  PATHWAYS  TO  THE  DIE  PADDLE 

•  SOIC  HAVE  DELAMINATED  PATHS  TO  THE  DIE  SURFACE 


PLASTIC  PACKAGE  AVAILABILITY  PROGRAM 


LEAD,  BOND  WIRE,  AND  DIE 
SHOWING  DYE  PENETRATION 


PRECONDITIONED  SOIC  (3400)  SHOWING  DIE  PENETRATION 
ALONG  LEAD  (#1 1),  BOND  WIRE  AND  DIE  ATTACH  FILLET 


Photography  courtesy  of 
Oneida  Research  Services,  Inc. 
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BALL  BONDS  3, 4  &  5  SHOWING  DYE 
PENETRATION 


PRECONDITIONED  SOIC  (3400)  SHOWING  DEE  PENETRATION 
AT  BALL  BONDS  3, 4  AND  5.  BALL  BONDS  2  AND  6  SHOWING 
NO  PENETRATION 
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ITT 


LEAD  PULLOUT  SHOWING  DYE  PENETRATION 


PRECONDITIONED  SOIC  (3400X)  SHOWING  DIE  PENETRATION 
ALONG  LEAD  AND  FULL  PENETRATION  AT  THE  VERTICAL 
LEAD/EMC  INTERFACE 


PLASTIC  PACKAGE  AVAILABILITY  PROGRAM 

CONCLUSIONS 


•  ALL  HAST  FAILURES  IDENTIFIED  TO  DATE  ARE  THE 
RESULT  OF  CORROSION 

•  HAST  AT  130  AND  159°C  APPEAR  TO  BE  CREATING 
SIMILAR  FAILURE  MECHANISMS 

•  DIFFERENCES  IN  PRECONDITIONING  AND  MOLDING 
COMPOUND  MAY  BE  AFFECTING  WHETHER  INTRINSIC  OR 
EXTRINSIC  CONTAMINATION  IS  CONTROLLING  THE 
REACTION  RATE 

•  THE  TYPE  OF  FLUX  USED  MAY  HAVE  SIGNIFICANT 
IMPACT  ON  HAST  FAILURE  RATES 


PLASTIC  PACKAGE  AVAILABILITY  PROGRAM 


CONCLUSIONS 


C-SAM  AND  DYE  PENETRANT  RESULTS  DO  NOT  ALWAYS 
AGREE 

-  C-SAM  RESOLUTION  IS  NOT  SUFRCIENT  TO  DETECT  ALL 
DELAMINATIONS 

PARTS  WITH  C-SAM  DETECTED  DELAMINATIONS  DID  NOT 
FAIL  FASTER  AS  GROUP 

PATHWAYS  EXIST  INTO  PEM  PACKAGES  WHICH  ALLOW 
THE  TRANSPORT  OF  EXTRINSIC  CONTAMINATION 
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This  is  the  fiml  rqjort  for  Hoi^ywell’s  siBbcontisct  on  tbs  Natioml  Semkondnctor  Corpoistion  (NSC)/Defes» 
Logistics  Agei^  (DL A)  Plastic  Package  Availability  Program.  This  fiml  re{K)it  focuses  i^n  docimienting 
Honeywell  Commercial  Aviation  Systems  (CAS)  field  reliability  c?q)erience.  The  report  coii^iles  results  from 
multiple  Honeywell  CAS  studies  of  piece  part  failure  rates  e?q5erieiEred  in  actual  field  usage.  The  studi*^  are  for 
seven  lii^  rcplas^le  units  (LRU’s)  of  which  tte  first  three  coiSain  bern^^y  seal^  microcircuits  only,  and  the 
remaining  4  LRU’s  contain  a  mixture  of  jdastic  and  l^nnetic  microcircuits.  Tte  termetic  parts  for  LRU’s  5-7 
(comprising  14%  of  LRU’s  5-7  micrxrcircuits)  were  iK)t  included  in  this  ie|K>!t  due  to  the  field  failure  data  having  not 
been  collected  This  report  con^jares  the  resultn^  freld  feilure  rates  betw^n  plastic  aid  devices  as  well  as 

comparing  the  results  a^imt  predicted  failure  rates.  Factors  mfluencing  the  failure  rates  such  as  derating  and 
thermal  environment  are  also  discussed. 


This  Executive  Summary  Section  provides  an  overview  of  Honeywell’s  effort  including  the  statement  of  work,  a 
summary  of  results,  and  a  glossary  of  abbieviatioi^  u^  throughout  the  report 


1.1  Statement  of  Work 


Revised  Stetememt  of  Work 


(12/15/92) 


This  statement  of  work  for  Honeywell,  Inc.,  Honeywell  Technology  Center  (HTC),  is  part  of  National 
SemicondiKrtor  Corporation's  (National)  Plastic  Psefeging  Availability  Program,  Defeme  Logistics  Agency 
contract,  DLA-900-92-C-1647,  in  response  to  BAA  No.  92-02-MLK,  Subarea  E2.  Hon^rwell  HTC  wil  provide 
service  for  Task  1  (Military  Package  Criteria  IMinition  and  Systems  Selection),  Task  8  (Devi^  ReiM)ility 
-Analysis),  and  Task  12  (Preparation  of  Data  Items  Deliverable),  as  defined  in  overall  ^hedule  of  the  Nationai 

Program. 


TTie  prime  contractor.  National,  and  all  subcontractors  (Piaskon  Electronic  Materials,  Inc.,  Honeywell  SRC,  Dow 
Coming  Coxp.,  and  Sasdia  NatiorM  Laboratories)  shall  meet  with  the  DoD  program  manager  (DLA),  represesrtatives 
from  Roms  L^s,  DESC,  ami  other  interested  DoD  participants  for  a  single  meeting  to  di^uss  the  details  of  this 
effort,  Hons3rweIl  HTC  will  provide  an  outline  of  their  Staten^nt  of  Wo&  (SOW)  and  provide  presentation  foils 
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describing  tte  wo±  asid  a  GaaM  chart  listmg  tlig  lliis  pselimmsy  stgvie^ 

November  3, 1992  at  the  NWSC,  Cmie,  IN.,  with  a  dsy  mn  scheduled  for  November  2. 


plastic  versus  ceramic  IC  tssage  and  practices.  TMs 

LZI 


sm 


:  least  two  aviomcs  systesns  (to  be  generically  but  not 
!  one  coMaiffling  heimetic/ceiamic  ICs.  The  system  environmeMs  ¥/i 
written  discussion  for  selecting  these  systems,  their  relevance  to  the  contect,  and  their  sMmlaraty 

The 

L2.1, 1.2.2,  and  L2.3  to  be  provided  to  NSC  on  3/1^3. 


j  containing 


or 


an  interim 


The  qiKsnliJy  and  (part  type,  psdsage  type,  and  lead  configuradoa)  of  both  ceramiic  amd  plastic  parts  ia  the 
selected  systems  will  be  identified  ia  addition  to  tbs  mimmmm  scieening/qualificatiom  HequisemsiEts  for  the  devices. 
The  system  descriptions  and  associaited  infomiaitiom  will  be  sommarized  in  an  interim  report  covering  Taslss  1.2.1, 
1.2.2,  and  1.2.3  to  be  provided  to  NSC  on  3/1/93. 


The  NSC  parts  contained  in  each  of  the  selected  systems  will  be  identifi^  by  gsnsric  number,  package  type,  and 
device  description.  This  list  of  NSC  devices  will  be  provided  to  NSC  by  2/1/93  and  will  serve  as  potenfiM 
candidates  for  the  molding  compound  evaluation  (Task  7).  Tbs  system  descriptions  asnd  associated  information  will 
be  summarized  in  am  interim  report  covering  Tasks  1.2.1, 1.2.2,  and  1.2.3  to  be  provided  to  NSC  on  3/1/93. 


Provide  a  description  of  CFS's  approach  to  tbs  selection  amd  quailification  of  IC  vendors,  including  standards  for 
selecting  IC  vendors.  Tbs  results  of  Tasks  1.2.4, 1.2.5,  and  1.2.6  will  be  provided  to  NSC  on  7/1/93  m  an  interim 
report. 


Provide  a  description  of  CTSG’s  approach  to  tbs  specification  and  procurement  of  plastic  versus  ceranic  ICs.  Tbs 
results  ofTafe  1.2.4, 1.2.5,  and  1.2.6  will  be  provided  to  NSC  on  7/1/93  in  an  interim  report. 

Task  L2. 6  Describe  Punt  Frecessirng,  ProdiicABm,  amd  Repair  Fkm 


Provide  a  description  of  CFS's  plastic  versus  oeramte  process  flows  from  f«ts  redwing  through  to  fisM  repair 


expected  to  be  internal  Honeywell  work  iiBtnjctions  and  processing  specifications  in  addition  to  manuals  for 
installation,  field  repair,  service,  etc.  Examples  of  critical  events^rocesses  are  —  ten^rature  profiles,  ejqtosure  to 
vapots/liquids  which  may  adversely  affect  tte  plastic  encapsulants,  rewoik/re|K«r  limitations  (number  of  site 
reworks),  etc.  An  exanqtle  of  a  generic  flow  chart  would  be —>  Receipt,  Incoming  Test,  Kitting,  Stuffing, 
Soldering,  Cleaning,  Insf^on,  Teeing,  Subassembly,  Subas^mbly  Test,  IntegratioE  into  system.  System  test. 
Delivery,  Installation,  Trouble  shoot.  Field  Repair  —>  etc.  The  results  of  Tadrs  1.2.4, 1.2.5,  airi  1.2.6  will  be 
provided  to  NSC  on  7/1/93  in  an  interim  report  Proprietary  data  will  be  so  marked  and  reported  separately  for 
restricted  distributioa 

Task  8*  Device  Reliability  Analysis 


The  device  reliability  analysis  task  will  describe  aiMl  compare  plastic  versus  ceramic  device  reliability  ej^jerieiice 
from  actual  Hooeywell  CFS  fielded  system.  This  task  will  be  comprised  of  the  following  two  subtasks. 


Task  Sol  ReliabUity  PredactsosB 

Hoi^5rwell  will  provide  a  description  of  and  contrast  its  reMiility  prediction  methodologies  for  systems  containin: 
plastic  and  ceramic  integrated  circuits.  Predicted  MTBFs  for  the  systems  selected  in  Ta^  1  will  be  jHOvickd. 


Task  §o2  Assessment  of  Fielded  Systems 

Using  tte  selected  systems,  Honeywell  will  i^iform  comparative  asKdysis  of  plastic  versus  ceramic  semiconductor 
field  failure  rates.  This  analysis  will  include  as  a  mimmum: 

o  number  of  system  operating  hours 

o  number  of  device  failures  experienced 


«  electrical  part  derating  requirements  for  semiconductoirs 


T; 


Task  12.1  Reporte  To  B®  SsippMed  Im  Hard  Copy  amd  Msoraromnc 


Task  12o2  Fhotograpfes  atmd  Braomgs 


Task  12o3  Program  Mamagememi  amd  FBaHBmmg 


Task  12«4  M&B  Stotras  Repost,  BBA-3002A;  (Seqiraeiac®  Naamfoer  A®1®) 

Task  12.5  Sciemtirac  asid  TechmScaE  Repost  (FssBal),  BI-MISC-Sffi711;  (Seqsnemc®  Nssmber 


Task  12o6  Travel  &md  Meetiiags 


work  associated  with  Task  1  te  pswioiisly  b 
included  as  A^jpsffldixB.  Tiis  CAS  seliabiliSy  pra 
included  as  Appendix  C. 


included  as  Appendix  B.  The  CAS  leliabilily  prediction  metodology  was  also  previously  doamtsirted  and 


1.2  S' 


This  report  is  a  cosnpiMioffl  of  three  sepirate  studies  pefforatsd  by  HonsyweB  and  has  been  revised  and  nipMed 
fiomapreliminasy  report  previously  distributed.  Tire  results  of  this  study  confinnttet  the  approach  Honeywell  tes 
taken  in  the  use  of  plastic  i^kaged  niicrodrefflits  for  the  commeicM  avionics  enviromnrenl  Appendix  B  for  a 


i.e.,  trig 


microcisciiits  hm  rat  h^n  observed  to  degirsda  product  rofebility  im  comiiraroM  air  tmspont  s^sptotrora. 

•me  first  study  consisted  of  dstennining  the  failure  rate  of  IC’s  installed  in  LRU’s  1, 2  and  3.  The  ICs  us^  intte 
LRU’s  were  leaded,  througfc-hole,  hemretic  fevices.  The  ro^oiity  of  the  IC’s  us«i  in  these  LRU’s  are  MIL-STO- 
883  compliant  devices.  A  few  of  the  devils  are  hemretic  devils  which  were  screened  by  the  manufacturer  with 
bum-in  and  tri-ten^rature  testing  using  MIL-STO-883  test  methods. 


LRU  1  data  includes  3,598,500  LRU  operating 
hours.  LRU  2  data  includes  8,584,500  LRU  op 


Eiiro  wMcb  is  eqoivalcM 
boms  wMcb  is  eqsj 


!  .3  bilMoini  davicc  opmtiMg 
aieM  to  2.4  biMioa  device  operstiag 


The  study  methodology  coi^isted  of  analysis  of  LRU  repairs,  asseihbly  repl^ments  and  their  subsequent  re^Kuts  to 
the  piece  {ml  level.  The  raw  observed  failures  for  LRU’s  1, 2  and  3  were  39, 6S0  and  47  respectively.  However, 
not  all  repair  actions  were  traceable  to  tire  piece  part  level  The  percent  of  electronic  failures  that  were  traced  to  tire 
piece  part  level  were;  92%  for  LRU  1, 24%  for  LRU  2  and  49%  for  LRU  3.  To  conqrensate  for  tire  missing  data  tire 
nuinber  of  failures  were  increased  assuming  tire  same  distribution  (see  j^ragr^h  6. 1  for  details).  There  were 
significant  differeirees  in  tire  failure  rates  among  tire  IC  part  types  (digital  SSI/MSI,  memory /LSI,  liirear).  Tire 
observed  failure  rates  (f^tor  adjusted)  for  LRU’s  1,  2  and  3  are  as  shown  in  Table  1.2-1. 


were  ME^-STD-883  compliant  26%  of  tire  devices  were  plastic  surface  mount  technology,  digital  SSI/MSl,  devrees 


discussion  of  the  failure  nKxles  and  explamtion  for  their  removal.  In  both  instances  tte  suppliers  coopesated  with 
Honeywell  to  analyze  tte  faults  with  the  manufacturers  in^)lementing  corrective  action  to  prevent  failure  recurrei^. 


There  were  signifkant  differences  in  the  failure  rates  anK>ng  the  IC  part  ty^  (digital  SSI/MSI,  memosy/LSI, 
linear).  Tte  observed  failure  rates  for  tte  system  which  ii^hides  LRU’s  5, 6  md  1  are  sk)wn  in  T^k  1.2-3. 


Table  1^-3.  LRU  5-7  Failure  Rate  Quantities 


DEVICE  TYPE 

HQUBS 

FAILURES 

FAILURE  RATE 

Digital  SSI/MSI 

0.CO9  I 

0.151 

47 

(0.683) 

Lin^r 

31 

0.048  “-———1 

1.  Failure  rates  in  failures  per  million  hours  computed  at  50%  Chi-Squared  conOdense  level 

2.  Values  in  parentheses  include  the  two  memory  devices  eliminated  from  study 

For  all  three  of  the  reported  studies,  variahoss  were  observe  in  tim  reliability  of  specific  microcirojit  gm^in^, 
and  th^  variations  warrant  some  adjustment  of  predict^  failure  rates;  but  the  ctaiges  in  th^  feilure  rste 
will  effectively  cancel  ttensetves  out  when  viewed  from  an  LRU  reliability  level  and  will  not  adversely  impact  tte 
overall  product  reliability. 

Both  the  digital  SSI/MSI  and  pPrcK^TMemoiy  micmcircuit  grouping  showed  a  plastic  failure  rate  half  tte  of  the 
ceramic  parts.  An  explanation  for  this  is  not  evident  from  the  data  and  further  investigation  was  b^ond  the  scope  of 
this  study.  A  three  to  one  higher  failure  rate  of  plastic  linCT*  devices  over  ceramic  linear  was  observed  with  concerns 
^nd  the  data  was  reviewed  to  more  fully  uiKkrstand  tl^  c^use.  TlKJugh  no  cIct*  causes  or  corrective  actios^  were 
identified,  this  observation  will  likely  lead  to  further  investigation  by  Honeywell. 


1,3  AbbrevmtioM 

The  following  abbreviations  are  used  within  this  document 

ATP  -  acceptance  test  procedure 

Bip.  -  bipolar  (MicixKircuit  Technology  Family) 

CDIP  -  Ceramic  Ehial  In-Line  Package 
Dig.  -  Digital 
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EOS « electrical  overstess 
ESD  -  electrostatic  dischaxige 


2o0  Prodect  Descriptions 


2ol  LRU  1 

LRU  1  is  an  all  electronics  unit  consisting  of  20  circuit  card  assemblies  and  a  total  parts  count  of  ajpioximately 
2,500  electrical  parts.  The  unit  is  iK)nnally  nM>unSed  in  the  aircraft’s  equipn^ot  bay  and  is  forced  air  cooled.  Tte 
unit  was  designed  using  hematic  microcircuits  that  were  MIL-STD-^3  class  B.  In  a  few  instances  military 
standard  microcircuits  were  not  available.  In  tl^^  instances  the  devices  were  required  to  n^et  the  following 
minimum  requirements: 

“  Temperature  Range - 55®C  to  +125°C 

®  Package  Type — ^Hermetic  (Ceramic  DIP,  Metal  Can  etc.) 

®  Supplier  Bum-in  &  Tri-Temp.  Testing — ^Per  MIL-STD-883  Method  5004 

LRU  1  has  been  in  reveniEe  service  aboard  commercial  air  transport  aircraft  since  19S4  and  has  ejqjerienced  a  field 
reliability  (MTBF)  of  greater  tlm  1(X),000  equipment  operating  hours,  compared  to  a  predicted  field  reliability  of 
8,400  operating  k)urs. 

A  listing  of  the  j^rt  types  and  quantities  of  microcircuits  used  in  LRU  1,  including  their  i^kage  t3q^s,  are  shown  in 
Table  2. 1-1  through  T^ie  2.1-3  for  esch  of  the  three  part  families  (Digital  SSI/MSI,  Digital  Memoiy/LSI,  LinM:), 


Table  2.14.  Part  Types  f®r  LRU  1  DIpM  SSI/MSI  Mknidrcmas  (C®i!Eeta(ied) 


Generic  Parti 
Type 

Description  [ 

Part  Type 
Quamity 

Pada^Type| 

PinCoiEni  j 

54HC175  f 

Dig.  msic  mm  | 

5 

CDIP  1 

16  1 

MHC240  j 

Dig.  msic  mos  | 

2 

CDIP  j 

20  j 

54HC244  i 

Dig.  msic  mos  j 

29 

CDIP  1 

20  1 

54HC245  f 

Dig.  msic  mos  j 

3 

CDIP  1 

20  1 

S4HC373  i 

Dig.  msic  mm  \ 

2 

CDIP  ^ 

20  1 

54HC374  j 

Dig.  msic  mos  j 

32  1 

CDIP  j 

20  1 

54HC393  [ 

Dig.  msic  mos  j 

CDIP  1 

. . .  . y 

14  1 

5406  j 

Dig.  ssic  j 

CDIP  j 

14  J 

4C01B  j 

Dig.  ssic  mos  1 

6  1 

CDIP  1 

14 

40ilUB  i 

Dig.  ssic  mos  | 

1  ] 

CDIP  1 

14 

40i3B  1 

Dig.  ssic  mos  | 

3  1 

CDIP  { 

14 

4014B  j 

Dig.  ssic  snos  | 

2 

CDIP  j 

16 

4023B  i 

Dig.  ssic  mos  j 

CDIP  1 

14 

4040B  j 

Dig.  ssic  mos  j 

2  ! 

CDIP  1 

16 

— 

4045B  ! 

Dig.  ssic  mos  j 

1 

CDIP  1 

16 

4049UB  i 

Dig.  ssic  mos _ J 

4 

^  CDIP 

16 

4050B  j 

Dig.  ssic  mos  | 

9 

CDIP  1 

16 

4082B 

Dig.  ssic  mos 

1  1 

CDIP  1 

14 

54HCC0 

Dig.  ssic  mos 

15 

CDIP 

14 

54HC02 

Dig.  ssic  mos 

3 

1  CDIP 

14 

54HC03 

Dig.  ssic  mos 

2 

j  CDIP 

14 

54HO)4 

Dig.  ssic  mos  1 

1  7 . 

1  CDIP 

14 

54Ha)7 

1  Dig.  ssic  mos 

!  ■ 

j  CDIP 

14 

54HC10 

|Dig.  ^c  mos 

1  3 

1  CDIP 

1  14 

f54HC125 

1  Dig.  ssic  mos 

1 

1  CDIP 

i  14  1 

. ■  '  " 

54HC21 

foig.  ssic  mos 

1  ^ 

CDIP 

■1- 

t54HC71 

IDig.  ssic  mos 

1  1 

1  CDIP 

LjL^ 

|mHC74 

Dig.  ssic  mos 

T  15 

I  CDIP 

(  14 

15125 

tDig.  ssic  Bip 

1  ^ 

1  CDIP 

1  » 

2.2  LRU  2 

LRU  2  is  an  electronic  sensor  unit  consisting  of  19  circuit  card  assemblies  and  a  sensor  assembly  with  a  total  pasts 
count  of  approximately  3000  electrical  frarts.  The  unit  is  normally  mounted  in  the  aircraft’s  equipment  bay  and  is 

forced  air  cooled.  The  unit  was  designed  using  hermetic  microcircuits  that  were  MIL-STD-883  class  B.  In  a  few 
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militay  stonlard  micsocirasits  wese  mi  avaikbte.  Ib  tliese  instances  the  devices  wese  feqiHjned  to  meet  tfee 


Temperatoe  Ras^e - 55®C  to  +125^0 


Gamete.) 


;  Tii“TemB.  Testing — Per  MIL-STD-8S3  Method  5004 
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Generic  Part 

Type 


4520B 


4555B 


26(X)1847 


PALldLS 


5407J 


54LSOO 


54LS02 


54LS04 


54LS05 


54LS08 


54LS27 


54LS30 


54LS33 


4043B 

4049UB 


4050B 


54HC03 


54175 


Description 


Dig.  msic  ms 


Dig.  msic  mos 


Dig.  msic  ms 


Dig.  msic  ms 


Dig.  ssic  Bq) 


Dig.  ssic  Bip 


Dig.  ssic  Bip 


Dig.  ssic  Bip 


Dig.  ssic  Bip 


Dig.  ssic  Bip 


Dig.  ssic  Bip 


Dig.  ssic  Bip 


Dig.  ssic  Bip 


54LS74  Dig.  ssic  Bip 


Dig  ssic  mos 
Dig.  ssic  mos 


Dig.  ssic  mos 


Dig.  ssic  mos 
Dig.  ssic  mos 
Dig.  ssic  mos 


Dig.  ssic  nK>s 


Dig.  ssic  mos 


Dig.  ssic  mos 
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1  U 


Etescription 


Lin.  Bip  (>50) 


Lin.  Bip  (>50) 


Lia  Bip  (>50) 


Lia  Bip  (>50) 


Lia  mos  (<50) 


Lia  nK)s  (<50T) 


2.3  LRUS 

LRU  3  is  an  electronic  sensor  unit  consisting  of  14  circuit  card  assembles  and  a  sensor  assembly  with  a  total  parts 
count  of  approximately  2700  electrical  parts.  The  xuut  is  noimally  nrounted  in  the  aircraft’s  equipn^nt  bay  and  is 
forced  air  cooled.  Tte  unit  was  designed  using  hermetic  microcircuits  that  were  ME.-STD-8S3  class  B.  In  a  few 
instances  military  standard  miciDcircuits  were  not  available.  In  these  instances  the  devices  were  retpiin^  to  meet  tl 
following  minimum  requirements; 

•  Temperature  Range - to  +125®C 

•  Package  Type — ^Hermetic  (Ceramic  DIP,  Metal  Can  etc.) 


reliability  (MTBF)  of  14,500  equipment  operating  hours,  compared  to  a  predicted  field  reliability  of  15,000 
operating  hours. 

A  listing  of  the  part  types  and  quantities  of  microcircuits  used  in  LRU  3,  including  package  types,  arc  shown  in 
Table  2.3-1  through  Table  2.3-3  for  ^h  of  tbs  three  part  families  (Digital  SSI/MSI,  Digital  Memoiy/LSI,  Linear). 


3  Digi 


25L04 


54LS109 


54LS138 


54LS139 


54LS157 


54LS161 


54LS163 


pig.  msic  Bip 


P 


iDig.  msic  Bip 


pig.  msic  Bip 


Dig.  msic  Bip 


pig.  msic  Bip 


pig.  msic  Bip 
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2J4<.  Pant  Types  for  LRU  3  DSgital 
Generic  Parti  I 


SSI/MSI  Mierodnsssifts  (CoMtDfflBied) 


Type  1 

DescriptioE 

54LS174  j 

Dig.  iBsic  Bip 

MLS  175  f 

Dig.  msic  Bip 

54LS182  I 

Dig.  msic  Bip 

54LS244  t 

Dig.  msic  Bip 

54LS251  [ 

Dig.  msic  Bip 

54LS253  j 

Dig.  msic  Bip 

54LS259  1 

Dig.  iBsic  Bip 

54LS273  1 

Dig.  msic  Bip 

54LS367  f 

Dig.  msic  Bip 

54LS373  j 

Dig.  msic  Bip 

54LS374  ( 

Dig.  msic  Bip 

54LS393  1 

Dig.  lEsic  Bip 

54LS92  1 

Dig.  msic  Bip 

40161B  1 

Dig.  msic  ms>s 

4020B  1 

Dig.  msic  mos 

405  IB  { 

Dig.  msic  seids 

4052B  j 

Dig.  msiQ  mos 

4053B  1 

Dig.  msic  sstos 

4066B  1 

Dig.  msic  mos 

54FCri38 

Dig.  msic  mos 

iS4HC138 

Dig.  msic  mos 

54HC139 

Dig.  msic  mos 

54HC154 

jDig.  msic  ws 

54HCi6i 

[Dig.  msic  mos 

54HC244 

joig.  msic  mos 

54HC245 

jDig.  msic  sms 

54HC374 

Dig.  msic  mDS 

54HC40S3 

joig.  msic  mos 

PartT}^ 

Ouantitv 


Package  Type 


TyFi 

54LS08 


Descnption 


Dig.  ssic  Bip 


54LS10 


Dig.  ssic  Bip 


54LS15 


Dig.  ssic  Bip 


54LS20 


Dig.  ssic  Bip 


54LS21 


Dig.  ssic  Bip 


54LS232 

54LS240 


Dig.  ssic  Bip 
Dig.  ssic  Bip 


54LS241 

54LS27 


Dig,  ssic  Bip 


Dig.  ssic  Bip 


54LS30 


Dig.  ssic  Bip 


54LS32 


Dig.  ssic  Bip 


54LS33 


Dig.  ssic  Bip 


54LS368 


Dig.  ssic  Bip 


54LS74 


14504B 


Dig.  ssic  Bip 
Dig.  ssic  mos 


4001B 


Dig,  ssic  mos 


401  lUB  pig.  ssic  mos 


4013B 

4023B 

4025B 


Dig.  ssic  mos 
Dig.  ssic  mos 
Dig.  ssic  mos 


4040B 


Dig.  ssic  mos 


4049UB 

4050B 

54F32 


54HC00 

54HC02 

54HC05 

54HC10 


Dig.  ssic  mos 
Dig.  ssic  mos 
Dig.  ssic  mos 
Dig.  ssic  mos 


54HC125 


|Dig.  ssic  mos 
Dig.  ssic  mos 
Dig.  ssic  mos 
iDig.  ssic  mos 


54HC20 


Dig,  ssic  mos 
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Table  23-2.  Part  Types  for  LRU  3  Dagital  Memory/LSI  Microsarcmte 


§  for  LRU  3 


Gei^cPait 

Type 


1524B 


2001H 


5492A 


LF156 


LH0002 


LM117K 


LM199 


OP-07A 


OP-15A 


OP-16A 


REF02A 


LM119 


LF147 


LF444 


LM124A 


LM139 


DescriptioQ 


Lia  Bip  (<50T) 


Lia  Bip  (<50T) 


Lia  Bip  (<50T^ 


Lia  Bip  (<50T) 


Lia  Bip  (<50T) 


Lia  Bip  (<50T) 


Lia  Bip  (<50T) 


Part  Type 
Quantity 


Lia  Bip  (<50T) 


Lia  Bip  (<50T) 


Lia  Bip  (<501T 


Lia  Bip  (<50T) 


Lia  Bip  (<50T) 


Lia  Bip  (<50T) 


Lia  Bip  (<50T) 


Lia  Bip  (<50T) 


Lia  Bip  (<50T) 


Lia  Bip  (<50T) 


Lia  Bip  (<50T) 


Lia  Bip  {<50T) 


Lia  Bip  (<50T) 


Lia  Bip  (<50T) 


Lia  Bip  (<50T) 


Lia  Bip  (<50T) 


Lia  Bip  (>50T) 


Lia  Bip  (>50T) 


Lia  Bip  (>50T) 


Lia  Bip  (>50T) 


Lia  Bip  (>50T) 


Lia  Bip  (>50T) 


Lia  Bip  (>50T) 


Lia  Bip  (>50T) 


Lia  Bip  (>50T) 


T) 


T) 
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2,4  LRU  4 

LRU  4  is  an  electronic  sensor  unit 


17  circuit  card  asssnibligs  and  a  sensor  assembly  witli  a  total  parts 

ft  in  the  aircraft’s  ©OTpmsn!  bay  and  is 


3*C,  +25°C  and  +125*C).  Tbose  devices  rrot  receiving  100%  screening  (ses  LRU  4  |mt  type  t^le  for 


21  p 

kstic  devices  (18  linear. 

trind  though  guarantees  of  electrical  perfom 

mans 

e  over  tesnperatoe  wese 

1  the  plastic  farts  was  dons  so  by  tfes 


facility. 


All  of  the  bsrmetic  devices  were  military  temperatore  range  devises  wMcb  revived  100%  burm-m  and  three 
temperature  testing  by  the  supplier.  A  few  of  these  bsnnstic  devices  were  MIL-STD-883  complianL 

LRU  4  has  been  in  revenue  service  aboard  commercial  air  transport  aircraft  since  1991  and  has^  experienced  a  field 
reliability  (MTBF)  of  13,000  equipment  operating  hours,  compared  to  a  predicted  field  reliability  of  1 1,000 
operating  hoora. 


A  listing  of  tlis  ^  types  aM  qumtities  of  EMGrockcitits  in  LRU  4,  kcinding  types,  stown  m 

Table  2.4-1  throngb  Table  2.4-3  for  each  of  the  thiee  pM  fasnilies  (Digi^  SSI/MSI,  Digitel  Mesnosy/LSI,  LisMir) 


Tsibk  2.4“lo  Fmrt  Typ(^  far  LMU  4  Digilla!  SSI/MSI  MkradrcMlls 


Generic  Parti 

I  Type  j 

Description 

j  Part  Type  j 
j  Qnantity  j 

Package  Type  j 

Pin  Conntl 

75188  1 

Dig.  msic  Bip 

!  ■  ! 

SOIC 

14 

75189  j 

Dig.  msic  Bip 

1  _ ! 

SOIC 

14 

|74AC174 

Dig.  msic  mos 

■  1 

SOIC  1 

16 

74AC244  1 

Dig.  msic  mos 

1  §  ! 

SOIC  [ 

20 

74AC245 

Dig.  msic  mos 

1  12 

SOIC 

20  _ 

|74AC257 

Dig.  msic  mos 

2  _ 

SOIC 

16 

Imcn44 

Dig.  msic  mos 

1  .  ^  I 

SOIC 

20 

74ACT245 

Dig.  msic  mos 

I  2  ^ 

1  SOIC 

1  20 _ 1 

74ACT573 

foig.  msic  mos 

T  12  _  _ 

j  SOIC 

1  20 

74F175 

[Dig.  msic  mos 

1  1 

1  SOIC 

16 

74ACOO 

fDig.  ssic  mos 

1  4 

1  SOIC 

1  14 

74AC02 

IDig.  ssic  mos 

1  i 

Y  SOIC 

1l4 

Table  2.4-1.  Part  Types  for  LRU  4  Digital  SSI/MSI  Micrcdrceits  (Cooduded) 


Generic  Part 
Type 

Ekscription 

Package  Type 

74AC04 

Dig.  ssic  nK>s 

1 

SOIC 

14 

74AC08 

Dig.  ssic  m)S 

3 

Hai 

14 

74AC32 

Dig.  ssic  Bq) 

1 

SOIC 

14 

74AC74 

Dig.  ssic  mos 

5 

KOI 

14 

74ACTOO 

Dig.  ssic  iiK>s 

1 

SOIC 

14 

74F04 

Dig.  ssic  mos 

1 

SOIC 

14 

74HCU04 

Dig.  ^c  mos 

1 

14 

5407 

Dig.  ssic  Bip 

1 

CERDEP 

14 

Table  2.4-2.  Part  Typ(es  for  LRU  Digital  MesBisrj/LSI  MEsrodrcsMts 
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The  fiml  three  LRU’s  make  up  a  system,  whose  j^its  were  treked  in  the  fieM  mdependent  of  the  LRU  they  wem 
removed  from.  For  this  reason  ttey  will  be  treated  as  a  system  rather  than  individual  LRU’s. 

LRU  5  is  an  all  electronic  unit  consisting  of  33  circuit  card  assenAlies  aini  a  total  parts  count  of  ^5proximately  3700 
electrical  parts.  The  unit  coirsists  of  power  supply  processor,  I/O,  receiver  and  transmitter  fuiK:tios^.  LRU  5  is 
normally  nK)unted  in  the  aircraft’s  equipment  bay  arni  is  passively  cooled  LRU  5  has  been  in  revenue  service 
aboard  commercial  air  transport  aircraft  since  1990  and  has  experienced  a  field  reliability  (MTBF)  of  13,5<X) 
operating  hours  comj^red  to  a  predicted  field  reM)iiity  of  9,7(M)  Operating  Hours. 

LRU  6  is  an  all  electronic  unit  consisting  of  2 1  circuit  card  assemblies  and  a  tcMal  parts  count  of  ^spmximately  17(M) 


6  is  iK)iinaiiy  mounted  in  the  aircraft’s  equipn^nt  b^  and  is  passively  cooled  LRU  6  has  been  in  revesHie  service 


operating  hours  con^jared  to  a  predicted  field  reM)ility  of  19,000  operating  hours. 

LRU  7  is  an  all  electronics  unit  consisting  of  13  circuit  ^rd  assemblies  and  a  total  parts  count  of  830  electrical  parts. 
The  unit  consists  of  processor,  I/O,  Power  Supply  and  Display  functions.  LRU  7  is  normally  in  tte 

aircraft’s  cockpit  and  is  i»ssively  cooled  LRU  7  has  been  in  revenue  service  ^mrd  commercial  air  tran^rt 
aircraft  since  1990  and  has  experienced  a  field  reliability  (MTBF)  of  12,500  operating  hours  con^>ared  to  a  predicted 
field  reliability  of  24,000  Operating  Hours.  This  is  the  only  LRU  whose  field  reliability  is  lower  than  predicted 
There  is  no  evidence  that  this  is  due  to  the  use  of  plastic  microcircuits  but  may  be  related  to  it  being  the  only  cockpit 
mounted  display  device  in  the  study. 


All  of  the  plastic  devices  received  100%  screening  (bum-in  and  tri-temp,  testing)  wl^re  nrost  of  the  screenmg  was 
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Table  2J-2.  Part  Types  for  LRU  5, 6,  and  7  Digital  MeiiMjry/LSI  Mlcrodrcssits 


Generic  Part  Ty{« 

I>escription 

Part  Type 
Quantity 

Package 

Type 

PinCouM  j 

ASIC 

LSI  8000g/68p 

4 

PLCC 

68  1 

1800 

LSI8(K)0g/68p 

1 

PLCC 

68 

ASIC 

LSI  8000g/84p 

4 

PLCC 

84 

ASIC 

LSI  8000g/84p 

3 

PLCC 

84 

ASIC 

LSI8000g/84p 

1 

PLCC 

84 

ASIC 

LSI8000g/84p 

2 

PLCC 

84 

ASIC 

LSI  80(M)g/84p 

2 

PLCC 

84 

ASIC 

LSI  8(K)0g/84p 

2 

PLCC 

84 

600 

LSI  880g/40p 

2 

PLCC 

28 

44C256 

MEM,  RAM  mos  Imb 

4 

SOJ  1 

26 

71256 

MEM,  RAM  mos  256kb 

20 

PLCC  1 

32 

81461 

MEM,  RAM  mos  256kb 

4 

SOJ~l 

26 

7198L 

MEM,  RAM  nK)S  64M) 

4 

SOL 

24 

7202LA 

MEM,  RAM  mos  8kb 

8 

PLCC  1 

32 

27S19 

MEM,ROMBip25^ 

1 

PLCC  1 

20 

27S19 

MEM,  ROM  B4>  25^ 

4 

PLCC  1 

20 

28C256 

MEM,  ROM  IKOS  2^kb 

24 

PLCC  1 

32 

7C225 

MEM,  ROM  mos  4kb 

2  j 

PDIP  j 

24 

28C64 

MEM,  ROM  mos  64M> 

9  1 

PLCC 

32 

34010 

PROC.  mos  32b 

>  1 

PLCC  1 

68 
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The  analysis  process  used  dijBTess  between  LRU’s  1-4  conpared  to  LRU’s  5-7. 


LRU’s  1  -  4 — Hor^ywell  conducts  periodic  reviews  of  field  reliability  for  all  products.  The^  reviews  ir^iude 
measurements  of  field  mean  time  between  failure  (MTBF)  and  time  betw^n  ui^hsduled  removal  (MTBUR) 
Trend  analysis  is  performed  looking  at  both  removal  causes  and  assen^ly  kvel  replacements  to  identify  conect^le 
problems.  Analysis  to  the  piece  part  level  in  not  typi^Uy  performed  These  reports  formed  stairting  poiM  for 
this  analysis. 


Hoiie3rwell’s  SUMAR  database  system  contains  all  repair  information  for  both  the  LRU  level  and  Urn  assembly 
level.  To  gain  visibility  of  the  LRU  and  assembly  level  repair  one  or  two  SUMAR  records  may  be  sequira!.  In 
Instances  wli^re  a  Honeywell  service  center  j^rforms  the  entire  repair  to  te  piece  part  level,  all  infomrfosii  would 
be  contained  in  oi^  SUMAR  record.  In  many  ii^tances  a  Hor^eywell  service  center  will  lepiir  an  LRU  to  the 
assembly  level,  then  return  the  faulty  assembly  to  factory  for  piece  i^rt  kvel  repair.  In  this  later  <^se  two 

SUMAR’s  would  be  written,  one  for  the  LRU  and  one  for  the  faulty  assembly.  This  study  required  that  the 
assembly  level  repair  infonnation  be  identified  for  each  of  the  confirmed  LRU  level  faults.  Wten  separate  LRU  arnl 
assembly  SUMAR’s  need  to  be  linked,  the  link  can  be  accomplished  by  the  assembly  part  number  and  its  semi 
number  which  should  be  contained  on  both  SUMAR’s.  These  are  instances  where  a  lack  of  infoirmaSion  on  one  of 
the  SUMAR’s  makes  it  impossible  to  make  the  link  resulting  in  lost  infonnatioa 


Not  all  circuit  c^rd  failures  can  economically  be  repaired  due  to  the 
board  material.  In  ttee  instances  the  circuit  c^sd  is  scrappy  and  no 
occurrences  of  this  are  mie,  they  can  account  for  additional  lost  piece  part  fault  infonnatioa 


such  as  a  | 
information  is  im>rfed  Thou^ 


An  aiMysis  was  made  of  all  records  where  the  LRU  removal  v/as  traced  to  the  pie^  part  level  Tte  records  include: 

°  Reason  for  LRU  removal  from  aircraft 

®  Repair  technician's  test  fmdin^ 
o  A  coded  reason  for  removed  of  ^h  component 

The  review  of  this  data  consisted  of  a  verification  that  the  p!it(s)  removed  related  the  origmal  aircraft  fault 
description.  Where  multiple  parts  are  replaced  the  likely  of  the  fault  is  determined  basM  on  the  available 

information  and  the  coded  r^son  for  removal  of  each  |OTt 

Operators  of  comrr^rcial  air  transport  aircraft  maintain  flight  hour  lo^  for  each  aircraft  Flight  hours  are  the  time 
measured  between  lift  oft  and  kndimg  of  an  aircraft  This  data  is  available  to  Honeywell  either  directly  from  airline 
operators  or  from  the  airframe  manufacturer. 

For  this  report  aircraft  flight  hour  infonnation  was  summed  for  the  specified  tiiTO  period.  The  sum  of  this  flight 
hour  data  is  converted  to  operational  hours  using  a  standard  conversion  factor  of  1.5  operational  hours  per  flight 
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all  fielded  equipment  An  alternate  mstliod  to  dstemiins  field  usage  was  developed  based  on  the  avera^  tome 
between  product  shipmisnit  and  installation  and  the  average  field  usage  in  revewis  service.  Tfes  ^ujuptioms 
considered  to  be  accurate  as  they  are  based  on  HoneyweE's  experience  and  feedtecls  from  aistomsra.  Spsdfically, 


1)  A  two  mAimith  interval  between  Honeywell  sfeipmenfi  of  tlie  product  and  field  instelMoa 

2) .  An  average  field  usa^  of  250  operating  houra  per  month. 


An  LRU  is  considered  failed  if  the  customer’s  cause  for  removal  is  confirmed  by  means  of  performing  an 


PI 

Fi 


riaCTsi 


Tl^  source  of  equ^meul  operating  hours  is  ds  descritoi  in  paragr^h  3.1.  For  each  equipEneM  type 
operating  hours  are  multiplied  by  the  minijer  of  LRUs  ir^talled  tl^n  summM.  TS^  results  of  this 
time  period  used  axe  shown  in  Table  4.1-1  for  each  equipment 


Tabs©  4.1-1.  Total  LRU  Equipmmt  OpsratiEg  Hoers 


Equipment 

Type 

Time  Period 

Total  Field  Operating  I 
Hours  I 

LRU  1 

July  1989  -  June  1990 

LRU  2 

July  1989  -  June  1990 

LRU  3 

April  1988 -June  1990 

LRU  4 

June  1992  -  April  1994 

892,(XK)  1 

LRU  5 

Feb.  1990  -  Sept  1994 

4,772,000  1 

LRU  6 

April  1989  -  Sept  1994 

LRU  7 

Feb.  1990  -  Sept  1994 

9,682,750  1 

4o2  Field  Failnures 

The  source  for  field  failure  data  was  described  in  paragraph  3.1.  The  following  paragraphs 
failure  data  for  the  LRU’s. 

were  difficulties  with  tracing  the  LRU  Mures  to  the  piece  part  level  for  LRU’s  1-4.  A  broh 
failures  for  each  LRU  is  as  follows: 


I 

I 


LRUl 


39  -  Electronic  Failures 


3  -  Digital  SSI/MSI  Micn)circuits 
3  -  MeiiK)iy/LSI  Microcircuits 
1  -  Lii^ar  Microcircuit 

3  -  Transistors 
1  -  Diode 

4  -  Capacitors 
1  -Resistois 

4  -  Connectors 

®  LRU  4 

179  -  Confirmed  LRU  Failures 
30  -  Electronic  FaMurcs 

19  -  Not  Traceable  To  Piece  Part  Level 
10  -  Traced  To  Piece  Part  Level 

5  -  Microcircuits 

1  -  Plastic  Digital  SSI/MSI  Microcircuit 
3  -  Plastic  Lin^  Microcircuits 
1  -  Ceramic  Lin^  Microcircuit 

1  -  Diode 

2  -  Filters 

2  -  Comectois 
1  -  Workmanship 

The  number  of  microcircuit  failures  used  for  failure  rate  calculation  was  determined  from  the  above  data.  Ete  to  the 
electronic  failures  which  could  not  he  traced  to  the  pie^  part  level  the  number  of  microcircuit  Mures,  for  LRU’s  1 
-  4,  were  proportionally  increased.  Table  4.2-1  contains  the  raw  failure  quantity,  factor  applied  and  tte  failure 
qimntity  used  for  failure  rate  ^Iculation. 
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Tbs  plastic  digital  SSI/MSI  and  l^rmstic  linear  c^goiies  each  l^e  om  confimed  feiliM©  and  nsasiy  tl^ 
game  quantity  of  devices  |^r  LRU  (60  and  78  lespectively).  The  ratio  of  three  was  applied  here  lesulting  in 
two  additioK^  failures  teing  projected  for  these  categories. 


additioml  faults  were  added  to  this  category. 

The  field  data  collection  process  for  LRU’s  5  -  7  differed  from  the  other  LRU’s,  see  Paragraph  3.0  for 
details,  such  that  factoring  up  the  actual  field  failure  quantities  was  not  necessary .  The  field  failure  da 
generic  part  type  is  shown  in  Table  4.2-2.  The  failure  quantities  shown  represent  f^rt  removals  which 
corrected  the  reported  fault  in  the  LRU. 


74FCT273 


74FCT374 


74HC240 


74HC393 


74HC74 


74HCT04 


74HCT245 


74HCT373 


74HCT374 


REGISTER,OCTAL  D,3-ST 


BUFFER/DRIVER,<XrrAL,3-ST 


COUNTER,BINARY,4-BIT,DUAL 


OCTAL  D  FLP  FLOP 


HEX  INVERTERS 


TSBlSfSPillliBSSS^BnS! 


XCVR,OCrAL,3-STATE 


FLIP-FLOP,OCTAL  D,3-STATE 


SUM  FOR  DIGITAL  SSI/MSI= 


LM2901 


DAC,  12-BIT 


SLICE,4-BIT  _ 


OP  AMP,BIFETaX)W  POWER 


PW  MODULATOR  CONTROL 
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problem  was  corrected  with  a  move  of  the  fabricadoE  fecility  from  overs^  to  the  US.  As  a 
the  fabrication  facility  changes  were  roads  to  both  the  die  and  fabrication  process  steps. 
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the  family  is  totally  immlated  to  padsage  type  axid  package  material  (Le.,  ceiamic  vs  plastic).  Additiosial 
sciutiiQ^  of  scieeniug  riate  on  a  time  basis,  may  have  avoided  tbs  field  problem  with  the  71256.  IT^se  p 
point  out  tbs  need  to  take  great  care  in  tbs  selection  of  suppliers  and  in  developing  cooperative  selationskps 
them. 


The  resulting  failure  rats  data  will  be  analyze  with  these  failures  removed.  To  not  distort  the  reailts,  all 

—  <  ^  j  jp _ _  -  --  -  - 


EOS — Electrical  overstress  faults  are  induced  failures  that  may  arise  from  device  testing,  serening, 
oroduction  build  appli^tioa  or  field  usage. 


OTHER — ^This  category  includes  parts  that  were  damaged  during  the  replacement  prroe^  ^h  that  failure 


®  NO  FA  -  Tl^  failiTO  analysis  has  not  been  convicted  or  no  failiro  analysis  is  plannM. 


perfonnance,  paiticulariy  at  ten^ratoe  extremes  than  the  other  linear  and  all  digital  devk^. 

Additional  investigatioE  in  this  area  is  wanaMed, 

The  "invalid**  failure  category  includes  iKJariy  20%  of  all  parts  analyzed.  Althou^  most  of  these  device  can  be 
attributed  to  incorrect  leplacen^nts  during  rq>air,  a  third  of  the  devices  were  categorized  ss  corectiiig  the 
LRU  fault  This  is  consistent  with  other  analyses  of  gmt  removals. 

Since  corrosion  has  been  considered  a  inedomir^nt  failure  mode  for  plastic  microcircuits,  it  is  notewortl^  that  m 
corrosion  been  seen  in  ai^  faihise  analysis  performed  by  Hoi^ywell  on  parts  failing  in  the  feM  or  duiir® 
screening. 
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2.  L^k  of  Ihiowl^ge  coEcenimg  defects  of  actaa!  esmsoinimssjtai  coMitiOBs  wMcto  will  esCTiMtgm^ 

3.  UBcestaissties  associated  with  the  approximate  mtiiro  of  mathesmitical  models  Bormally  ess^loyai 

Derating  beyond  the  identified  critetia  shoeid  not  sigmfi^ffltly  in^rove  reliability  and  smaller  design  sKsargins  coidd 
adversely  affect  reliability  in  all  bnt  ^^edal  cas^.  Special  circumstances  can  be  siuch  that  perfommanse  tedeoffi 
favor  exceeding  these  deratii^  standard  limits.  Whenever  this  ocgims^  the  allowable  limits  can  be  ex^edad  by 
approval  ffom  tbe  Project  Engineer  and  the  cognrant  Reliability  Engiffi^r. 

5oL2  Aircraft  ThermM  EmmrcmifmBi 

Commercial  avionics  equipment  is  qiaalifled  per  DO”  1 60  to  operate  over  a  temperatoie  range  ss  wide  as  ”55^C  to 
though  mar^  nnits  have  a  more  limited  operating  tempesatune  range,  snch  as  -IS^C  to  -5-65^0. 


In  the  instances  where  the  more  limits  temperatoe  range  ^pMes,  ttero  msy  be  additional  seqairements  such  as 
slrort  term  operation  without  cooling  air  and  sismvabiiity  temperatoe  extremes.  Snmv2bilitl3,^  wpkements  expose 
equipment  to  wider  temperature  extremes  and  +70®C)  v/ith  the  equipment  operating.  Though  the  unit  is  not 

required  to  meet  specific  performance  parameters  at  these  ten^ratoe  extremes  it  must  meet  sp^ifi^tions  when 
returned  to  srominal  temperature.  Loss  of  cooling  air  requirements  do  not  impact  the  equipment  operating 


failure  rate  values  are  the  values  used  in  the  comparison  to  field  results. 

The  reliability  prediction  summaries  for  LRU  1  thru  LRU  7  are  shown  in  Table  5.2-2 
respectively.  Tire  summaries  identify  for  each  imt  grouping,  the  average  per  part  failure 
grouping  and  total  failure  rate  per  grouping. 
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variatioii  in  failiH©  Kates  for  escli  of  the  device  gsxM^isigs  (1-2  orfers  of  anagnitnde)  which  is  ^SBogly  iMlEeBS^  by 
thet  relative  volim^  of  data  for  the  diffeseot  LRU's.  LRU’s  1  and  2  have  the  larg^  voiisse  of  data,  accomtisig  for 
from  85%  to  94%  of  tl^  total  operating  hours  for  the  groupings.  The  overall  failure  rate  differaice  between  LRU  1 
and  2  is  less  than  6  to  1. 


Tables  6.1-4  through  6.1-6  present  the  plastic  failuie  rate 
differences  for  groupings  range  from  1.5  to  1  for  digi 


data  for  the  thr^  device 


groi^nn^.  The  feilure  rate 
dees  to  7.6  to  1  for  digital 


total  operating  hours. 


Failtire  Rates  for  Ceramic  Digital  SSI/MSI  Devices 


TOTAL 


Total 

Failmes 


Total  Operating 
Hours 

834,852,000 

1,098,816,000 

138,276,000 

892,000 


50%CHI2f. 

Rate  (Per  10^ 


Table  6.1-2.  Failssre  Males  for  Ceramic  Digital  Prccessor/Memory  Ds 


Total 

Failures 


Total  Operating 
Hours 

64,773,(KM) 

257,535,000 

40,748,000 


50%  CHI^  Failure 
Rate  (Per  10^  Hrs.] 


1 .  Values  in  parentlieses  nepiesent  tlie  values 
71256  memory  devices 

Plastic  Vs  Ceramic  Field  Fail  Eire  Rates 


with  the  inclusion  of  the  28C256 , 


Table  6.3-1  compares  the  plastic  versus  cemmic  failure  rates  by  using  the  field  versus  predicted  i 
6.2-1.  The  digita!  groupings  (SSI/MSl  and  pPioc./Memosy)  show  condstest^  in  that  the  plastic 


stown  in  table 
e  sat^s  are 


failure  rate  tlan  for  ceramic  linear  parts. 


Combining  all  parts  groupings,  weighed  by  their  level  of  usage,  there  is  a  caiKxIing  effect  such  that  the  plastic 
failures  rates  have  an  edge  by  15%.  This  difference  is  considered  insigmifiraint  given  the  potential  margin  for  error. 
It  does  indiratp  that  the  use  of  plastic  microcircuits,  processed  in  accordance  with  CAS  practices,  will  not  degrade, 
and  may  enhance,  product  reliability.. 
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thg  inslusiom  of  the  28C256  and  71256  nismoiy  devises 


6<,4  DBSCfflissa®!!!!  ®ff  ResmSiis 

The  results  of  this  study  coafmn  that  the  approach  Honeywell  has  taken  in  the  use  of  plastic  microsireuits  in  a 
commercial  avionics  environmeni,  has  not  in^cted  product  reliability.  The  identified  variattons  in  devise  failure 
rates  may  warrant  some  adjustment  of  predicted  failure  rates  but  the  changes  vdll  effectively  ^noel  thsmsslv^  out 
when  viewed  from  an  LRU  reliabili^  level. 

Both  digital  microcircuit  groupings  shov/ed  a  plastic  failure  rate  of  half  that  of  the  ceramic  jKuts.  An  ej^Ianation  for 
this  is  not  evident  fiom  the  data  and  further  investi^tion  is  beyond  the  scope  of  this  sted3^ 

The  three-to-one  higher  fafiure  rate  of  plastic  linear  devices  over  ceramic  lin^  devices  is  of  concsm  and  the  data 
was  reviewed  to  more  fully  understand  the  rauss  45%  of  the  linear  device  failures  were  due  to  one  device  type  (574) 
which  is  a  ons^iser  in  the  system  made  up  of  LRU’s  5, 6  and  7.  Though  no  clear  cause  or  corrective  action  were 
the  following  discussion  will  likely  lead  to  further  investigation  by  Honeyvrell. 

Eight  of  the  14  574  failures  were  due  to  degradation  in  perfoimam^  at  tempsiatares  exceeding  though  their 

performance  over  the  commercial  temperature  range  was  within  specification  parameters.  Th^e  devices  are  not 
warranted  to  operate  at  +1250C  by  the  manufacturer  and  instead  are  100%  electrically  tested  at  the  extended 


110°CMax. 


90% 

Vj  +  10% 
110°CMax. 


75% 

Vi  +/- 10% 


llO^CMax. 


ckaging  Avaikbilit 
on 


JuBCtioa  Temp.  (Tj) 


llO^CMax. 


Diodes 

Zener 


Tl^  max.  Tj  is  a  wojst  case  valiie  for  wosst  case 
temp.  op.  sucli  as  max.  power  dissifx&tioift  at 
max.  ambient  Temp.  Use  125^C  if  ma^  Tj 
rating  is  175°C  or  Mgher.  It  shall  be  a  design 
lei^uiiement  to  hold  tlK  Tj  during  iK)nnal  temp, 
op.  conditions  to  a  Tj  of  85^C  or  le^.  Reduce 
power  to  0  at  110®C  with  the  ^ms  slope  as  max 
rating. 


of  j^pscified  Vr  rating 


of  specified  Vr  rating 


Average/DC  Forward  80% 

Current 

Forward  Surge  Current  80% 


Reverse  Recovery  Time  120% _ 


llO^C  Max. 


of  specified  rating  or  100% 
m  sar^  spec,  exists. 


of  forward  current  if 


lasaifiaa 


The  max.  Tj  is  a  worst  case  value  for  worst  case 


max.  ambient  Temp.  Use  125®C  if  the  max.  Tj 
rating  is  175°C  or  higher.  It  sMl  be  a  design 
requirement  to  hold  the  Tj  during  normal  t^mp. 


Forward  Surge  Current  80% 


Power 


Hm 


70% 


70% 

80% 

of  sm^  voltage  mtiug  or  100%  of  woddng 
voltage  mting. 

1  Volt 

80% 

■I 

of  SJJT^  volta^  rating  or  100%  of  woddng 
voltage  rating. 

if  <7  WVDC.  Reveiss  voltage  be  3  volts  if 
>7  WVDC. 


IH 

80% 

■■Hi 

1  of  sp©e.  sating 

H 

I  of  spec,  rating 

80% 

100% 

1  of  specified  sating. 

100% 

I  of  specified  sating. 

75% 

of  sp^ified  mting  where  applicate. 

80% 

100% 

100% 

75% 


i.g- 


miniminn  scieciiiiig/qualificatioE  requiremsnts.  The  quanJily  and  type  (part  typs,  psckBge  type,  and  lead 
configuration)  of  both  ceramic  and  plastic  parts  in  the  systems  selected  for  this  plastic  jKc^ging  program  weie 
ifh»iiirinftril  Tlis  infonnation  to  be  documented  here  relates  only  to  Honeywell  CFSG’s  minimum 
screening/qualifi^tion  requirements  for  these  jjarts. 

For  ceramic  j^its  Honeywell  complies  with  MIL-STD-883.  Therefore,  what  follows  basically  relates  to 
Honeywell's  use  of  plastic  irarts  and  the  quality  assurance  steps  of  i^rts  qualification  and  screening  used  to  maintain 
and  improve  equipment  reliability. 

The  qualification  of  parts  is  intended  to  verify  that  the  parts  will  operate  reliably  in  their  product  environnieiS  for  the 
anticipated  life  of  that  product  (typically  20  years).  Parts  screening  is  intended  to  continuously  verify  that 
compottents  will  have  reliability  that  is  equivalent  to  the  original  qualifi^  parts. 


2.1  Temperatjsre  Ratmgs  Applicable  to  Qtaalificatlom  aaid  Screerairag 

Test  Temneratiire  Paring-  Parts  are  tested  at  the  end  points  of  these  limits  to  verify  that  the  parts  meet  the 

specification  limits  over  this  expanded  temperature  range. 

•  Ambient  Temperature  -40“C  to +125°C 
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ssid  scseeimg  mgqBkesnjgois. 

2.3.2  For  ^toi^osBS  wtes©  te  masHifactiis^s:s  cosidECt  te  scireginsing,  te  SCD  giiid/or  SID  §fe!l  hQ  fe  ooMfoIlmg 
docmmM  tot  dascsibes  to  electrical  parameters,  pmcessiBg  md  screeniag  reqpitomeMs. 

2.3.3  For  ProgMMBsble  pirts  (e.g.  PAL,  PROM)  to  followmg  doomesitatbe  optioE^s  ms^  te  piMHEed:  (1)  Im  to 
first  QptioE  to  SCD  and  to  mdividisal  EngtoeriBg  BmUetin  (EB)  pesMmag  to  tot  psogmsmble  part  sMl  be  to 
coBtsolimg  doosmeM.  Both  to  SCD  and  EB  are  called  OEt  in  to  Altered  Item  Dsawiag  (AID)  wMcb  describes  to 
programmiffig  mfonratioa  (2)  Alternately,  to  AID  con^pondiog  to  a  programmed  part  shall  describe  to 
roquisemerits  for  altemg  to  ^programmed  part  as  defined  on  to  HoneywaH  Spedflcanion  Drawing. 

2.3.4  Vendor  drawings  may  only  be  nsed  when  to  vendor  meets  to  reqElroments  defmed  in  paragraph  4.2.2 
“Configuration  Management  Process  (CMP)”  of  EB4C67232,  Horti^rwell  Parts  Control  Program.  Hms  parags^fe 


A  device  p^tragp.  may  be  qualifBed  by  similarity  to  otm  that  was  fonneriy  tested  and  qualified  provided  that  all  of 
tlte  following  conditions  ^ply:  (1)  TIk  plastic  molding  compound  used  for  both  devices  sM  be  the  same;  (2)  Both 
parts  are  supfdied  by  tt^  same  manufacturer,  (3)  Both  parts  are  supplied  in  the  same  package  type  (e.g.,  SO,  SOL, 
PLCC,  DIP)  and  have  tire  gamp  pin  count  Devices  with  differing  pin  counts  may  be  qualified  by  similariSy  provided 
ttiat  either  (a)  for  small  pin-count  p^mges  such  as  DIP,  SOIC,  and  PLCC,  tire  difference  in  the  pckag^  top 
nufncp  areas  must  be  ire  greater  ttem  25%,  or  (b)  for  large  padsages  such  as  PQFP,  the  difference  in  die  me&  must 


(Note  that  MIL-M-38510  has  been  superseded  by  MlL-PRF-38535,  and  Appendix  E  by  Appendix  A).  If  a  device 


2o6  Di®  QMffilEficstion 

For  all  plastic  jadsaged  semiconductor  devices,  a  package  qualification  shall  be  i^rformed.  Tl^  die  will  have  been 
qualified  through  its  militaiy  equivalent  part  In  the  event  that  the  die  has  no  militasy  qualified  equivalent,  the 
following  options,  in  Edition  to  package  qualification,  may  be  pursued:  (1)  Usage  of  manufacturer's  die 
qualification  data  shall  be  used,  and  if  insufficient  data  exists.  Component  and  Reliability  Engineering  invoke  a 
die  qualification;  (2)  St^dy  State  Life  Test  can  be  performed  in  accordance  with  MIL-STD-883C,  Method  1(X)5.6. 

Life  test  duration  stall  be  1000  hours  at  +125®C  unless  otherwise  specifed.  Accelerated  life  lest  duration,  if  ured, 
shall  be  the  time  equivalent  to  1000  hours  at  +125°C  and  tte  junction  temperature  of  the  device  stall  mt  excea! 
+150®C.  The  sample  size  shall  be  a  minimum  of  32  units.  Tta  Accept/Reject  criteria  stall  be  ACCEPT  on  zero. 
Only  euTvimniTTflntally  related  failures  shall  be  considered  as  rejects.  In  the  even!  of  excessive  feilure  r^  resulting 
from  this  exposure,  tta  manufacturer  shall  be  imtified  and  a  mutually  agiml  program  of  corrective  rfon  stall  be 
developed. 


2.7  Package  Qiflalification  for  Plastic  ScEfflicotiBdtictoir  Devices 

Figure  2.7-1  summarizes  the  qualification  process  for  plastic  packaged  ICs. 


®  Sotor  k^iSh  tsmp  qfds 
®  Ruk  balti 
®  Jmnrmrsicn  In  scJd®r 


►  lnfrsr®d 


» Sample  of  at  ^ast 
32  components 
» SImuitosoiisly 
exposed  to: 

-  ElsdrkaJ  DC  bias 

-  High-tsmp  of  13crc 

-  85%  mi.  humidity 

-  2  atmos.  pr^surs 

-  88  hours  duration 
•  Etscteal  lasting  to 

verify  func^on 


-  Samp^  of  at  tesst 
32  components 
»  m\-S^-B83  Mam.  1010 

-  High-tamp  at  +150°C 

-  Low-^mp  at  -65®C 

-  Repeat  tor  1000  cydes 
» Etectric^  tasting  to 

verify  taction  at  25°C 
-  AH  DC,  AC,  m6 
fundional  parametBrs 


®  Sample  of  at  least 
200  leads 

•  Precondition  and 
inspect  for  lead 
ccmtamination 

•  leads  to 
manufecsuring 
soldering  process 

•  Compare  to  MiJ-Std- 
883,  l^thod  2003, 
de^Gtting  criteria 


» Efcsc&lf^  at 
-40.  +25,  sM  125X 
of  aJJ  paramstem 
» Visual  tep^on  at 
10k  imignitication 


FigEflre  2.7-lo  QisalificMion  Process  for  Plastic  Packaged  SemicoEdiictor  CompoHnessts 

2JJ  HAST  Tesi 

Highly  accekrated  stress  test  (HAST)  is  a  destnictive  test  that  evaluates  the  reliability  perfonnartce  of  plastic 
devices  in  humid  environments.  The  electrical  integrity  of  the  device  is  evaluated  afi 
pressure,  and  temperature.  Biasing  is  provided  to  the  devices  while  under  exposure. 

2. 7.1.1  TeM  Sample — ^Tte  sample  size  shall  be  a  minimum  of  30  units.  The  Accept/Reject  criteria  shall  be 
ACCEPT  on  THRRO  Only  environmentally  related  failures  shall  be  considered  as  rejects. 

2. 7.1.2  ManuffuAunng  fhrecotidkwnmg — Preconditioning  is  applicable  for  surface  mount  devices  only.  This  is 
applied  to  the  devices  in  order  to  simulate  the  stress  which  occurs  during  card  assembly.  Preconditioning  shall  be 
performed  in  accordance  with  EB4070105,  “Engineering  Bulletin  for  Qualification  Precondition  for  HAST  and 


— -Substsate  SMterial^  uoss-nietolizad  FR'4  osr 


si2jgd  to  E.0±3  a 


is^-ling  cleaniM 


17 JJ.. 


cots,  gloves,  or 


^Ml  be 


f lurn^  ^  ii^  ii'ii  tVi  )iJM  ’  ii^  ih  ii  >i^iil 


pasts  have  fragile  leads  said  mest  be  hamiled  so  as  mi  to  bend  them 


.  7Jo2oZ2  M^slwg  F^^csduFes — All  pasts  shall  be  baked  for  24  hoMS  at  125®C  per  applicabte  cossiposteM 


l!ilw!i.^iriii:i 


1 7.L2.14  FlMce^nmt- 


essviioiiBmesst 


simulate  the  reflow  of  the 


'emmt — ^All  parts  shall  be  masEsally  plaoe  oMo  the  substete,  leads  dc 
within  48  hows,  the  fixtoies  and  |mts  must  be  stor^  in  a  desio^ited 


Exposure — Parts  sh?7ill  be  exposed  to  three  pa^s  throngh  the  leflow 
[le  mitial  assembly  and  two  sewosk  cycles.  Depending  on  the  Hone3rwe!l  site,  ps 
^haH  be  ran  through  Vitronics  inframd  seflow  equipment  using  the  specified  sef 
sf  13  inches  per  minute,  or,  parts  and  substrates  shall  be  placed  in  low  profile  ba 
phase  reflow  with  the  conveyor  sp-^d  at  8.5  and  vapor  rate  at  6,  or,  pasts  and  suS 


baskets  and 
substrafe  (siot 


1  MBroU^  ULS  0<Ui 


JlfiilUitSM  lUGAtVW  GZk^taip'Mi'Saill 


fm^l  roflow  cycle,  parts  must  be  cleaned  within  two  hours. 


17.L23  PiremdB^efm  Temp^^MFe  Cyde  F^es^rndM^vz — ^Pasts  exposed  to  temperatoe  cycle  may  be  either 
pr^onditioned  using  tbs  Procedire  for  HAST  Preconditioning  (s^  paragraph  2.7. 1.2.2),  or  the  following  flow:  (1) 
handling  guideline  per  pograph  2.7. 1.2.2. 1,  (2)  baking  proceduies  per  paragraph  2.7.1. 2.2.2,  (3)  substate  fixture 


2.7.1. 2.2.4,  (6)  reflow/rework  exposure  perparagr^h  2.7. 1.2.2. 5,  (7)  omit  use  of  BGK  lefiow  equipment,  \ 
remckase  mrts  BerBaragraph2.7.1.2.2.7. 


1 7J3  EAST  Precond^  plastic  semiconductor  devices  shall  be  subjected  to  Highly 

Ac^iemted  Humidity  and  Temperature  Stress  Testing.  Analysis  of  qualification  failures  form  HAST  tost  shaE  be 
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Z7J3.1  Tempsratme  Cycle  Te^ — This  test  shall  be  comlucted  to  ctetermme  the  lesi^aiice  of  a  plastic  p^kaged 
semiconductor  device  to  stress  induced  by  temperature  cycles  of +150  to  -65^C,  Resulting  damage  to  a  packa^ 
shall  be  iH)ted  and  electrical  integrity  maintaii^  The  sample  size  slmll  be  a  minimum  of  20  units.  The 
Accept/Reject  criteria  shall  be  ACCEPT  on  ZERO.  Only  environmentally  related  failures  shall  be  comMered  as 
rejects.  Manufacturing  preconditioning  shall  be  performed  in  ^xordar^  with  EB4070105,  “Eagmeering  Bulletin 
for  Qualification  Precondition  for  HAST  and  Temperature  Cycle  for  Plastic  SMT  Semiconductor  Devices. 
PreconditioEed  |wts  shall  be  subjected  to  the  procedure  in  P4%87(K),  "Temperature  Cycle  Qualifi^ition  Procahsre 
for  Plastic  SemicoxKiuctor  Devices.”  Failures  shall  be  analyzed  by  Con^jonent  and  Reliability  Group  to 


qualification  testing.  Preconditioning  shall  be  performed  in  accordance  with  EB4070105  (see  paragraph  2.7. 1.2). 
This  requirement  is  not  applicable  to  DIP  parts. 

Temperature  cycling  conditiorrs  shall  be  in  accordance  with  MIL-STD-883,  Method  1010  Condition  C,  except  that 
the  maxiinnBnnni  transfer  time  shall  be  20  seconds  and  tl^  minimum  quantity  of  cycles  shall  be  1000. 


Z  7 A3  A  3  Tes^erc^re  Cycle  Procedure 

Z  7A3A3A  Semple  Size — The  minimum  san^k  size  of  devices  ejqjosed  to  temperature  cycling  shall  be 


Z  7A3A33  Tempeze^mre  Cycle  Fhm — The  following  is  an  overview  of  the  temperature  cycle  flow. 


hours  after  the  last  cycle.  Exceptior^  shall  be  granted  for  devices  when  electrical  testing  and  thermal  cycling  are 
performed  by  separate  facilities.  Devices  shall  be  tested  at  a  minimum  of  ail  DC,  AC,  and  fiis^tional  jwameters  at 
25  ®C  to  the  specification  provided  or  approved  by  Honeywell.  Upon  request  by  Honeywell,  test  programs  shall  be 


made  available  for  review. 


2. 7A3A3J  DispodHom  of  Devices  Under  Te^ — All  devices  shall  be  shipped  to  Honeywell  packaged  in  a 
manner  to  protect  them  from  ESD  or  mechanical  damage.  Each  electrical  Failure  shall  be  placed  in  a  separate, 
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incMe: 


1)  All  passed  pasts. 

2)  All  failed  fOTts,  with  data,  k  accordance  v/ik  pasagraph  2.7. 1.3, 1.3.3. 

3)  Copy  of  tsavekr  sepoirt  including: 

a.  Honeywell  SCD  past  nusnber 

b.  Generic  past  number 

c.  Applicable  test  specification 

d.  Total  quantity  of  parts  by  manufacturer 

e.  Total  quantity  of  mecbani^  failures 

f.  Itemized  electrical  failuses  including:  (1)  Mluse  serial  number  (2)  test  step  in  wMcb  failure  occuned 


k  Total  quantity  shipped 
i.  Signed  statement  of  compliance 


Immediate  notiflotion  of  Hone3rwcll  is  required  if  (1)  electocal  failures  of  either  the  pie  or  post  electric  tests 
exceed  10%  of  the  total  lot  quantity,  or  (2)  the  number  of  environmental  test  cycles  interrupted  exceeds  thn^. 

2  7J3.2  SeM^abiii^y—TUs  method  determines  the  solderability  of  leads  of  surface  mount  pkstic 
semiconductor  devices  by  a  reflow  soldering  operation.  The  |^ss/fail  determination  is  made  on  thv  basis  of  the 
^ility  of  the  leads  to  be  wetted  or  coated  by  solder  when  exposed  to  reflow  conditioiB. 
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Z  7,13.2.1  Te^  Sample — The  ^mple  size  shall  be  a  minimiiini  of  200  l^ids  aid  5  parts  for  all  surface  mount 
plastic  semiconductor  devices  excejK  for  parts  having  lead  counts  of  less  than  4.  The  accept/ingect  criteria  sIkQI  be 
ACCEPT  on  ONE  aid  REJECT  on  TWO.  Tbs  sample  size  for  [arts  living  less  than  4  leads  shall  be  20  parts  and 
the  accept/reject  criteria  stall  be  ACCEPT  on  ZERO. 

Z  7.13.Z2  SoMsrability  QuaUficaiwn — Preconditioning  shall  be  performed  in  accordance  with 
EB4070103,”Solcterability  Test  Procedures  for  Plastic  Semiconductor  Surface  Mount  Devices",  which  describes  a 
baking  process  that  simulates  the  bum-in  conditions  and  stram  aging  which  simulates  extended  storage.  The 
precoiditioned  parts  shall  be  subjected  to  exposure  as  detailed  in  EB4070103  to  determine  whether  con^nent 
solderdiility  is  within  control  limits. 


function,  reliability,  or  location  of  wafer  fabricatioii  or  packaging.  The  manufacturer  shall  obtain  approval  from 
Honeywell  before  shipment  of  parts.  This  is  defined  in  the  pnDcurement  ^lecification  or  Bask  Curating  Agreement 


(BOA). 


2.8J  Cnterm  for  Reqmlification 


Procedure  for  Plastic  Semiconductor  Devices,”  or  P4073093,  “Purchase  Specification  for  a  Manufacturing  Screening 
Procedure  for  Plastic  Semicoiductor  Devices,”  or  equivalencies  as  defined  by  Components  and  Reliability 
Fnptnftcring  Thk  Specification  covers  the  screening  procedure  for  plastic  semkoiductor  devices.  This  ^^ifi^on 


Imxmilng  Inspsctten 


•  VoWy  oompansnt  numfesjts,  * 
msftdng.  end 

P03  end  shipping 
dsamisnlG 

•  Vteifsl  Insps^lon  ten 
~  a&sjttlng  dsfeiSc 

-  Dom^gsdtesds 

•  sc:Arti^g©  Gisc^ 
te:aoG!4^®C 


ElsiSrtcc!  teMo  M  1 25®C 

-  DC  psTGinslGm 

-  Rk5<2/fey  times 

-  PropegsttoJi  delays 

-  Open-toopgain 


fi^elh.  1010, 
is2t  omdlta  B 

-  Klgiv^smp  c3  +1 25'^ 

-  LcKS-tsmp  d  -S5®C 

-  Repeca  tef  40  cydes 

pc5r?er  cjppllsd  dicrtng 
le:^ 


Dynainlc  bum-fei  tor 

160hJC?a-»-1^®C 
®^ta  teum4n  tor  L'nser  pejto 

Ced  btes  urrte^^ 
dyftsmtas^  bumcd-ln 


Pcst-teiOTvto  Gtod.  t6^ 
m  -40,  -^,  end  1^®C: 

-  DCS  AC 

Visusj  fnspscSton  ^  16k 
ms^nte3ton: 

-  Pto  eytoarsj©  of 
rmatotol  efe^sgo 

~  C0”P^ft2r^  Pft^ 


Ths  sci©gaisig  procediro  sbaH  b«  psrfonnsd  on  aU  parts.  The  screening  sequence  shaU  be  ss  foUows: 

2.9JJ  Fir(s-Msm3-m  Eles^s-ical  Pre-bum-im  electrical  test  shall  consist  of  the  test  specific  in  Table  2 
(electrical  test  parameters  table)  of  the  applicable  detail  spscificatioa  Only  those  electrical  irarameters  ^jscified  at 
TA  =  125  ®C  glM»ll  be  tested  as  part  of  the  pre-bum-in  tesi  This  is  to  inclEds  dc,  sc,  and  functional  tests  where 


Z9J.2  Btsm-m  r<^— Bum-im  test  -shall  be  performed  in  accondance  vrith  MIL-STD-883,  Method  1015,  Test 
Condition  D.  The  duration  shall  be  t  =  160  hours,  ±  8  hours  and  the  tempsratoire  shall  be  Ta  =  +125°C.  A  copy  of 
the  bum-in  circuit  shall  be  available  and  shall  be  approved  by  Hongrwell  prior  to  its  use.  All  devices  shall  be 

to  dynamic  bum-in  conditions  unless  prior  written  approval  has  been  obtained  from  Honeywell  to  perfoim 
static  bum-in.  Where  possible,  parts  shall  be  subjected  to  maxurnim  load  condition 

Z9.L3  Fnnsi-Ems^m  Ele^^lsei  TeM — Post-bum-in  electrical  test  shall  consist  of  the  teste  specified  in  Table  2 
(electriasl  test  parameters  table)  of  the  applicable  detail  specification  All  of  the  parameters  specified  in  Table  2 

shall  be  tested  as  pirt  of  the  post-bum-in  test.  Testing  shall  be  perfonnsd  at  all  of  the  temperatures  $pa:ffi©d.  The 

test  tetpsffice  shall  be  ^  foliov/s: 

Ta  =  125®C  tests,  100%  Mil  Specs,  all  AC/DC  and  functional  {rarametiic  testing 
Ta  =  25®C  tests,  100%  Mil  Specs,  all  AC/DC  and  functional  fraramstric  testing 
Ta  =  “40"C  tests,  100®/o  Mil  Specs,  all  AC/DC  and  functional  parametric  testing 


2.9.1.4  Fmei  Vlmal  snd Msdanmicei  InspecHi&m — ^Final  gross  visual  li^  check  shall  be  performed  on  aB  devices  in 
the  lot  Devices  having  bent  lead  to  a  criteria  of  coplanarity  grrater  than  4-mils  shall  be  removed  ftom  the  test  lot 


Z9.1,S-1  Css’^^lcs^  cf  Coidiplusitoi — A  certificsite  of  compliance  shall  accompany  the  parts  and  include  the 
foEowing  mfonnsitioa: 


a.  F.O.  mmber 


B-10 


Pksdc  Paskagkg  Availability  Program 


c.  Genmc  device  type 
d  Number  of  parts  which  passed  screen  tests 

e.  Statement  that  the  parts  were  tested  to  the  Honeywell  number  with  quality  represenMive  signature  and 
date. 


includis  the  following  mformation: 

a,  Honeywell  part  number 

b.  Dateco<fe 


Information  shall  be  obtained  on  wi^ther  the  facility  is  in  conformance  to  MIL-STD-16S6A  or  its  equivalent, 

2J&o4  Eqmpmemi  Assessment  and  A  vailaMUty 


Information  shall  be  obtained  on  the  of  equipment,  such  as  tester^  chambers,  and  handlers  available  md  if 
they  are  useful  towards  Honeywell’s  appli^tiom 


Packaging  and  handling  of  the  plastic  semiconductor  devices  shall  be  in  aocoidance  with  MIL-STO-1686A. 


2.18  Marking  Permanency  Test 

HoneyweU  may  opt  to  perform  the  marking  pennansncy  test  Part  marking  shall  meet  the  requirements  of  the 
Honeywell  drawings. 

2.19  Andits  of  Mamnfactnrers’  FacilWes/Screening/Qualification  Houses 

Honeywell  reserves  the  right  to  arrange  visits  for  the  purpose  of  auditirig  tlK  manufacturing  facilrties,  qualification 
and  screening,  and  to  review  process  control  procedures  and  record  keeping  in  accordance  with  HorffiyweU  Quality 
Document 

Rm>td  retentkm  by  manufacturers,  qualification  and  serening  tousss  shall  be  maintaiofid  in  accordans®  with 
Hon^well  Quality  Document  Audit  deficiencies  and  follow-up  shall  be  in  accordance  with  Honeywell  Quality 
Document 

2.2®  Field,  Factory,  aud  Screeuing  Date  CollectioDii 


Field,  factory,  ^nd  gcieening  data  collection  shall  be  maintained  by  the  Quality  Group  in  accordant  with  relevant 
Quality  Control  Directives.  Trend  analysis  shall  be  used  as  a  basis  for  selective  failure  aralysis. 


2.21  Qualfficatiou  arad  Screening  Date  Retention!  with  Intent  Towards 


The  records  pertaining  to  screening  and  qualification  of  plastic  senuconductor  devices  shall  be  retained  by 
Honeywell  for  a  minimum  of  7  y^rs  and,  thereafter,  to  be  archived. 


The  qualification  records  retention  shall  be  maintained  by  the  Component  and  Reliability  Group.  The  scresning 
record  retention  slmll  be  maintained  by  the  Quality  Group. 


Component  and  Reliability  Group.  Test  reports  are 


3.0  Task  1.2.4:  Describe  IC  Vendor  SeBectiom  Process 

The  IC  verKlor  selection  process  begins  with  the  design  engineer  who,  after  reviewing  the  system  requirements, 
idffnfiftes  the  need  for  specific  functions  (or  blodc  tasks  to  be  {Kiformed).  Each  block  of  the  design  is  then  broken 
into  lower  level  functions  that  can  be  performed  by  specific  ICs.  The  designer  determines  which  of  the 
s^n^imnHiirtnr  vendois  offers  each  IC.  Tlte  determination  is  based  on  the  designer’s  past  experience  with  various 
suppliers  and  their  products,  on  data  obtained  from  various  product  locator  publications,  and  on  input  from  the 
cogni^snt  component  engineer.  This  is  the  first  step  indicated  on  the  IC  supplier  selection  process  flowcl^rt.  Figure 
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Figure  3o0c  IC  SiuippEier  SeEedicDioi  Presets 


operation  witMm  CFSG.  Tligse  lists  as®  subsets  of  tbs  corporate  list  tailored  ascortiiog  to  tbs  n 


parallel.  Tl^se  actioos  ase  to  nequsst  samples  and  to  begin  discussions  with  the  aippiiera.  It  is  typical  to  lequest 
enough  samples  to  |K)pulate  three  to  four  engineering  units  (or  circuit  boards).  The  purpose  of  the  engh^ring  units 
is  to  test  the  fuiKrtior^ty  of  the  parts  within  the  ai^Iicatioa  Tl^  discussion  with  the  suppliers  centers  around  the 
part’s  capability  to  meet  Honeywell’s  requirements.  These  requirements  include:  (1)  the  n^d  to  oj^rate  over  an 
exterKied  ten^xature  range  (often  past  the  temperature  limits  specified  for  tte  part),  (2)  the  need  for  bum-in,  (3)  the 
need  for  the  part  to  meet  a  specific  coplanarily  requirement,  (4)  i^eds  specific  to  a  tocation’s  a^mbly  pitrcess,  and 
(5)  the  i^ed  for  tte  part  to  pass  Honeywell  qualiflcatioa  As  a  result  of  the  functionality  teste  and  the  outcome  of  tl^ 
discussions  with  the  suppliers,  the  list  may  be  narrowed  further.  Based  on  the  assessment  jrocess  asKl  to  supplier’s 
ability  to  Uteet  to  needs  identified  ^riier,  primary  and  alternate  supplier(s)  are  selected. 


In  to  case  of  both  plastic  and  ceramic  microcircuits,  control  drawings  are  used  to  identify  Hon£3^el!  part  numbers, 
perfonnance,  quality,  and  special  processing  requirements  deemed  critical  to  to  design,  reliability,  asni  prodncibility 
of  to  Hoi^ywell  device.  The  control  drawing  may  be  a  DESC  SMD  wtere  one  exists  for  a  ^jecific  part,  it  may  be 
a  full  E>oD-STD-l(X)  format  Honeywell  Source  or  Specifi^tion  Control  Drawing,  or  it  may  be  an  abbreviated 
format  drawing  identifying  only  special  processing  i^eds  and  referencing  manufacturer’s  perfonnance  data  where 
to  part  being  used  is  an  OEM  standard  catalog  product 


The  drawings  identify  directly  or  indirectly  electrical  performance  characteristics  and  limits,  electrical  testing 
lequiremente,  and  functional  characteristics  to  assist  to  designer  in  evali^ting  the  |wt  in  an  appii^tion  Also 
included  in  to  drawing  are  screening  requirements  to  assure  perfonnance  over  to  specified  operating  temperature 
and  to  assure  to  long-term  reliability  of  the  part.  In  acMition  to  to  screening  requirements,  other  proce^ing  which 
would  Ire  identified  includes:  marking  requirements,  p^kaging  requirements,  notification  of  change  requirements, 
qualification  requirements,  and  quality  conformance  requirements.  Military  or  industry  standards,  when  available, 
are  referenced  for  material  specifications,  test  methods,  and  dimemional  requirements.  Some  typical  standards  are 
JEDEC  95,  Mil-Std-S83,  Mil-Std-202,  Mii-M-38510  (MrL-^RF-38535),  etc. 

Key  characteristics  of  to  IC  procurement  process  include:  pooled  purchase  agreements,  quanedy  performance 
reviews,  and  to  development  of  long-term  partnerships  with  our  suppliers.  Each  of  these  items  are  briefly  detailed 
below. 


The  current  practice  of  procuring  IC’s,  whether  ceramic  or  plastic,  centers  around  a  pooled  purchase  agr^ment  At 
this  time,  60  suppliers  of  semiconductors  and  15  lectio r^  within  Honeywell  participate  in  this  annual  activity.  The 
locations  are  res|K)nsible  for  forecasting  their  annual  requirements  and  entering  this  information  into  a  joint 
database.  Although  to  individual  part  numbers  roity  be  available  from  many  different  sii^pliers,  pricing  is  request^ 
from  only  to  preferred  or  approved  suppliers.  Ths  rolled-up  RFQ  is  submitted  to  to  suppliers  and  on^  to  quotes 
are  returned,  face-to-face  negotiations  are  schedule  with  those  suppliers  that  have  a  large  part  number  base  or  tto 
are  utilized  by  several  locations  within  Honeywell.  Negotiations  via  telephone  are  conducted  with  to  remaining 
suppliers.  A  few  items  worth  m>tmg  include:  all  divisions  of  Honeywell  utilisng  to  same  part  fmm  to  same 
supplier  will  receive  the  same  price  (regardless  of  to  forecasted  quantities),  all  divisions  of  Honeywell  cm  utilize 
any  of  to  prices  received  for  other  divisiorml  forecasts — even  if  toy  did  not  forecast  to  part,  and  subcontractors  of 
Honeywell  are  also  authorized  to  use  to  price  agreements.  The  major  purpose  of  this  pooled  activity  is  to  form  a 
”one  Hoi^yweU”  reputation  within  the  semiconductor  industry . 
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•  have  occBTitsd  as  a  s^sult  of  switcMsig  mpplieirs,  altfooiigh  tits  parts  as©  s^pos^d 


^eiopea  a  trosi  _ 


ii 


5 J  Task  1.2c6s  Descrits®  Part  Processimg,  Prodwciiaoiiii,  ainid  Repair  How 

Am  overview  of  CFSG’s  production  assembly  process  flow  for  smfaog  ntouni  technology  (SMT)  ciirait  card 
assemblies  (CCAs)  is  shown  in  Figuie  5.0.  This  process  flow  diagram  emphasizes  eight  main  step;  receiving, 
preparation  for  soldering,  assembly,  cleaning,  pst  assembly,  testing,  dsliveiy,  and  field  repair .  Ite  proce^  is 

•ling  requirements  in  ths  areas  of  materials,  woffteiansli"^ 

- j ^|2g  sgmg 
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Replacement 
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iiua  wave-soiuenag  or  iHaim-soiiosoiiig  sp^ui5j5mioiuaa  ojiaw  aoov'S.  visipon  piusiis^  ym  Mjujiiiiiitsyi 

jc  used  for  the  automatic  mass  soldering  of  surface  moimted  devices.  Ute  first  CCA  of 

evesy  lot  sMl  be  reflow© 
aistliosization  for  prodiicti 
PWB  sWl  be  soMesed  in 

d,  cleaned,  and  submitted  to  inspectioa  Insp^tion's  approval  of  the  first  piece  is 
on  to  run  the  remaining  CCAs  in  the  lot  Secondaiy  side  SMT  components  staked  to  the 
accordance  with  CFSG’s  wave*^ldermg  spesiilcatloa 

l3)“iO 

o 

1 

1; 

£y  Program 
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fr^rtures,  blowlK)les  or  other  defects,  flux  residues,  or  less  than  mininmm  conductor  ^)acing.  Ttoe  are  ^iecific 
soldering  requirements  for  leadless  chip  carriers,  gull  wing  leads,  J-leads,  various-sided  termination  rectangular 


to  be  cleaned  prior  to  placement,  provided  proper  handling  procedures  are  followed  at  incoming  inspection,  stock 
room,  and  assembly  floor. 

Tl^  cleaning  processes  used  are  semi-aqueous  for  sequential  in-line  cleaning  and  vapor  degrease  for  toch 


Cleaning  prcK^edures  shall  be  adequate  to  remove  flux  residue  from  under  all  SMT  components  (including  l^dle^ 


Cleanliness  of  the  assemblies  shall  be  checked  visually  and  by  removing  SMT  components  from  a  test  PWB  on  a 
sample  basis  and  confinning  cleanliness  under  the  parts  using  MIL-P-28809A  Resistivity  of  Solvent  Extract 
Method,  Evidence  of  cleaning  residues  (e,g.,  white  film,  a|^5aient  flux  stains  surrounding  components)  shall  be 
acceptable  only  if  PWBs  can  be  shown  to  meet  or  exceed  the  MIL^-2E809 A  resistivity  test. 


performed  prior  to  performing  assembly  correction  and  reapplied  according  to  tl^  drawing  requirements 
successful  conection. 


be  only  locally  cleaned,  Nondiluted  mildly  activated  rosin  flux  may  be  used  if  ti^  entire  assembly  will  be 
subsequently  cleaned.  Visual  flux  residue  shall  be  removed  from  the  PBW  if  it  appears  during  comectioa 
Temj^rature  extremes,  gradients,  and  exposure  time  shall  be  minimized  when  correcting  SMT  assemblies.  Use  of 
preheat  cycles  prior  to  correction  is  reconunended.  The  standard  specified  solder  shall  be  used  for  assembly 
conections. 
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of  pswiom  q^clss  must  be  detenmnsd  by  examimiig  tbe  assembly's  tag  doaamsnSatiom  AddifaoaaS  cycles  must  ffiol 
violate  this  lequiiOTsM.  Tbs  resulting  cycles  of  SMT  components  adjacent  to  removed,  replaced,  and/or  realigned 
SMT  componsnts  are  not  dccumsnted/tracked  on  asrembly  tags.  However,  tbs  operator  must  account  for  lbs 
resulting  cycles  when  determining  the  total  number  of  cycles  that  an  area  of  tbs  has  been  exposed  to. 

r/piramie  SMT  components  may  be  exposed  to  individual  reflow  cycles  providai  tbs  functionality  of  tbs  rewo&ed 
components  are  m>t  degraded.  Mass  component  removal  and  replacement  (majority  of  components  fiom  an  exisdn 
CCA)  gbalt  be  submitted  for  material  reviev/  action. 


Plastic  SMT  componsnts  may  be  exposed  to  one  realignment  cycle,  provided  tbs  reabgnment  cycls  is  contyleted 


componsnts  shall  bs  discarded  after  ons  removal  cycle.  Tbs  replacement  of  plastic  SI'dT  contyonsnte  sbaM  be 
gccomplisbM  with  nsw  pasts  prepared  accosding  to  tbs  applicable  r^uirements. 

A  soldering  iron  sbaU  be  ussd  for  few  lead  (four  or  less)  SMT  contyonsnt  packages  (chip  capacitors,  chip  resistors 
SOT,  etc.).  Tbs  maximum  number  of  iron  heating  cycles  allowed  per  PWB  soMer  pad  is  limsted  such  that  tbs 
worimaisbip  requirements  are  violated.  The  maximum  number  of  iron  heating  q^cks  allowed  per  SMT 
component  tennimatioa  is  two.  Tbs  cycles  are  allowed  only  to  correct  alignment  defects.  SMT  components  shall  I 


S,<S  Tesfiiifflg 

Both  card"  and  device-level  testing  are  identicail  for  plastic  and  ceramic  SMT  components. 


SJ  FfeM  Repair 

Replacement  procedures  for  plastic  and  ceramic  SMT  components  are  the  same. 


Repair  of  SMT  assemblies  is  allowed  to  restom  the  fimctiooal  c^jability  of  a  defective  assembly,  kjwever  mi  to 
restore  the  ai^3earaiK:e  and  imiformity  of  the  assembly  as  it  was  after  initial  assembly.  Repair  shall  be  allowed  on 
SMT  assemblies  provided  the  assembly  is  mi  degiaded  below  the  functional  requirements  of  the  drawing  or 
standard  Honeywell  CFSG  requirements.  Repair  operations  not  herein  stated  shall  not  be  pennitted  without 
^propriate  engii^ring  instruction.  All  repair  operations  shall  be  dociunented  on  the  tag  of  the  SMT  assend)Iy. 

5.8  Materials 

Processing  nmtenals  are  specifically  specified  for  the  production  assembly  process.  These  mclude:  solder  (paste, 
bar,  and  rosin  cored  wire  solder),  liquid  soldering  flux  (rosin  flux,  syMteti^liy  ^rivaled  flux,  and  diluted  flux), 
solvents  (Freon  TMS,  Prelete,  isopropyl  alcohol.  Toluene),  adhesive,  wire,  rigid  printed  wiring  boards  (PWBs),  and 
surface  mount  con^oents  (SMCs). 


5.9  Workmaifiship 

Sf^cific  specifications  for  workmanship,  called  out  for  SMT  assembly  characteristics,  magnification  aids  (for  visual 
ii^pection),  cleanliness,  handling,  and  packaging,  are  the  same  whether  using  plastic  or  ceramic  pa^a^ 
components  .  Cortamiimts,  corrosion,  flux  residue,  or  fingerprints  on  any  part  of  assembly  shall  not  be 

acceptable.  Evidence  of  physical  heat  or  solvent  damage  to  any  part  of  the  assembly  shall  mi  be  ^:ceptable. 
Blistering  and  delamination  of  PWBs  are  unacceptable.  Measling  and  crazing  of  PWBs  are  acceptable  provided  that 
the  total  area  affected  shall  not  exceed  10%  of  the  total  board  area.  Defects  in  nonfunctioml  are^  and  defects  in 
functional  areas  sMl  not  account  for  more  than  50%  of  the  space  between  ironcommon  conductors. 


Assemblies  with  plastic  or  ceramic  packaged  con^onsnts  shall  be  given  dmplQ  protection  against  damage 
throughout  the  assembly  process.  Assemblies  shall  be  placed  in  individual  bags  or  compartmentalized  boxes  during 
transit  or  storage.  Ail  active  components,  static  sensitive  components,  and  assemblies  shall  he  protected  ftom 
electrostatic  (ESD)  damage. 

Soil  QiiElIty  AssisrasBce 

Provisions  for  quality  assurance  are  the  same  whether  using  plastic  or  ceramic  packaged  conqxjnents,  ii^iuding 
sufficient  inspection,  testing,  aid  process  control,  to  ensure  that  a  finished  product  meets  ail  the  production 
manufacturing  requirements  and  the  requirements  of  applicable  engineering  drawings  and  builetim.  Violation  of 
my  of  these  requirements  ^n  be  submitted  for  material  review  action  if  the  violation  is  repairable. 
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by  Brace  Johoson  on  August  15, 1995 


failure  rate  multipMer  of  2  was  applied  to  tlie  ceramic  microdicuit  failuie  rates  for  use  with  plastic  microciicuits. 
Since  that  time,  the  failure  rate  multiplier  was  reduced  to  1.5  and  then  to  the  cunent  LO.  The  basis  of  this  chan^ 
was  largely  qualitative,  coming  fiom  Hone5nveli’s  experience  with  qualification  testing  of  plastic  parts  and 
information  l^med  through  close  coordination  with  suppliers. 


The  stq>s  in  the  prediction  process  are  as  foiiov/s: 


groijpin^.  These  groupings  are  discussed  further  in  Subsection  C.3, 1.  Fart  types  that  do  not  nt  mio  an 
existing  category  are  listed  individually. 

°  Stqj  2 — ^Fart  fkiluie  rates  are  assigned  to  each  grouping  based  on  CFSMO’s  failure  rates.  Failure  rates  for 

miscellaneous  part  types  that  do  not  fit  existing  groupings  are  developed  in  the  manner  described  in 
SubsectioE  C.3. 1  and  assigned  to  these  part  types. 

o  Step  3 — ^The  assigned  failure  rates  are  multiplied  by  the  number  of  parts  in  the  grouping  or  number  of 
miscellaneous  part,  then  summed  to  determine  the  total  unit  failure  rate. 


Co3  Faipre  Mmte 


CoJol  ¥a!m^ 


The  failure  rates  listed  in  Table  C.3. 1-1  are  the  integrated  circuit  failure  rates  specifically  applicable  to  equipment 
designed  and  built  by  Hon^eli  CFS/MO  for  use  in  commercial  air  transport  aviation  applications.  The  part 


Wl^n  part  failure  rates  are  required  that  do  not  in  the  listing,  or  when  tte  enviioninsM  is  otter  than  descr&M 
(Le.,  temjrerature,  vibration,  and  nominal  rate  of  power  cycling  of  once  eveiy  oi^  to  thi^  hours),  vesK&jr  failure 


HDBK-2 17  derived  failure  rates  estimates  are  used  as  a  basis  for  failure  rate  detenninatiosi 


Small  Scale,  digital,  bipolar  (<20  gates) 


Small  Scale,  digital,  MOS  (<20  gates) 


Medium  Scale,  digital,  bipolar  (21  to  1(X)  ^tes) 


Medium  Scale,  digital,  MOS  (21  to  100  gates) 


Large  Scale,  digital,  bi{K)lar  (>1(K)  gates) 


Large  Scale,  digital,  MOS  (>100  gates) 


Micro-Processors 


MPROC,  bipolar 


MPROC,  (8  bit),  MOS 


MPROC,  (16  bit),  MOS 


MPROC  (32  bit),  MOS 


Analog  ICs,  Bipolar 


Ar^g  ICs,  MOS 


Menrory  Devices 


(E)PROM,  256  bit,  bipolar 


(E)PROM,  256  bit,  MOS 


(E)PROM,  512  bit,  bipolar 


(E)PROM,512  bit,  MOS 


(E)PROM,  1024  bit,  bipolar 


(E)PROM,  1024  bit,  MOS 


(E)PROM,  2048  bit,  bipolar 


(E)PROM,  2048  bit,  MOS 
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PaitG 


(E)PROM,  4096  bit,  bipolar 


6384  bit  MOS 


opdaM  to  assiTO  KiiaDUity  pmoictioxis  for  osw  praausis  rexieo:  uis  x^vemis  sewice  renaoxMsy  expsuesi:^  oi 
CFS/MO  design,  pmaroment  and  production  processes. 


CFS/MO  lias  M 
over  tlie  last  1 1 


ated  over  120  million  device  operating  feonis  in  revemte  semce  on  inertial  reference  psodncts 
Periodically,  portions  of  this  data  are  analyzed  to  assess  cnnenl  field  failme  rates.  Tke  most 
ate  was  based  on  over  12  million  device  operating  hours  of  revenue  service.  In  total,  the 
i  electronic  failures  in  this  reporting  period  was  appromnately  45%  of  the  number  of  failures 


CJ3  Factors  Effecting 


Though  the  generic  failiang  mte  for  a  given  part  may  be  a  fixed  quantity,  k  can  be  degraded  by  a  number  of  factors 
tbis  effecting  the  actual  field  failure  rate  experienced.  Four  of  m^or  factors  which  are  discuss^  in  ti^ 
following  paragraphs,  are: 

1 .  Stiess  both  electrical  and  thermal 

2.  Part  {ractices  such  as  selection,  procurement  and  handling 

3.  Production  processes 

4.  Field 

CJJ.I  Eie^^icd/Tkemml  — ^Electrical  and  ttennal  derating  of  electrical  components  is  part  of  the  typical 

design  process  and^  as  such,  is  included  in  the  basic  failure  rates.  Part’s  Apportion  Analysis  of  every  electrical 
conqjonent  is  used  to  verify  compliance  with  CFS/MO  thermal  and  eiectn^l  derating  guidelines,  including  criteria 
such  as  junction  temperature,  voltage  stress  and  current  stress  levels.  Piece  part  failure  rates  are  not  strongly 
influenced  by  temperature  or  electrical  stress  provided  the  CFS/MO  derating  standards  are  adhered  to,  Tl^  need  for 
additional  adjustment  with  failure  rate  derating  curves  in  uiMiecessasy . 

The  part  failure  rates  listed  in  Table  C.3. 1-1  are  based  on  data  obtained  in  a  commercial  airborne  equipment  bay 
environment  where  temperatures  are  as  follows: 

1 .  Average  equipment  operating  temperatures  are  on  the  order  of  35^C, 

2.  Average  ambient  temperatures  are  on  the  order  of  50X. 

3 .  Semiconductor  junction  tenperatuies  under  eonnal  operating  conditions  not  to  exceed  85®C. 

4.  Semiconductor  junction  temperatures  under  maximum  operating  conditions  not  to  excerf  1  lOX. 

CJJ.2  Fmt  — ^Designing  a  part  into  a  product  prior  to  ^reM  evaluation  in  the  areas  of,  electrical  and 

mechanical  specifications,  qualification,  quality  and  production  process  issues,  can  lead  to  a  device  not  being  able  to 
achieve  expected  reliability. 

Paragraphs  3.0  and  4.0  from  the  ‘‘Draft  Irterim  Repost,”  dated  August  2, 1993  contain,  as  Task  1.2.4  and  1.2.5,  a 
description  of  CFS/MO’s  semiconductor  supplier  selection  and  procurement  processes.  The  process  described  is 
considered  to  be  a  factor  in  the  field  failure  rates  experiernxd  on  CFS/MO  products.  The  key  is  to  work  closely  with 
tl^  si^)plier  in  a  partnership  anangement  to  find  the  best  overall  part  for  an  appii^tion  even  if  it  means  impacting 
thedesiga 

Cc3,3  J  Froductlon  Frecesses — All  areas  of  part  handling  from  receiving  inspection,  through  the  build  process  to 
fiiKiI  test  aiKi  delivery,  provide  opportunities  for  defects  to  be  introduced  into  a  part  or  product,  ESD  is  a  cl^sical 
example  of  this.  It  is  commonly  held  that  for  every  ESD  damaged  part  identified.  There  is  another  part,  termed 


5.0  fmm  tlis  Mgrim  Repost”  d^ed  AasgoM  2, 1993  ojEiMm,  m  Task  1.2.6,  a  d^cs^ssiom  of 
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1.0  Introduction: 


The  information  in  this  report  was  generated  by  the  NSC  Failure  Analysis  Team,  Samples  were 
prepared  and  analyzed  in  the  NSC  failure  analysis  lab  in  building  D  and  the  packaging  lab  in  building  19. 


1.1  Reliability  and  Failure  Analysis: 


-^2000  plastic  and  ceramic  parts  were  used  in  the  PPA  DOE.  The  majority  of  these  parts 
were  sent  to  NSC  and  CRANE  for  reliability  testing;  i.e.,  HAST,  HTS,  TC,  OPL,  and  Salt  Fog. 


Most  of  the  plastic  and  ceramic  parts  used  for  F/A  were  pulled  j&om  the  various  legs  of  reliability 
testing.  The  F/A  team  was  given  the  task  of  investigating  the  possible  cause  of  GROSS  functional  failure. 

The  plastic  and  ceramic  packages  that  were  used  for  reliability  testing  are  shown  in  the  Master  Failure  Analysis 
Chart-figure  1.  This  chart  can  be  used  to  quickly  identify  which  reliability  tests  generated  functional  failures. 

A  *’zero  hour  base  line”  was  created  by  using  plastic  parts  which  were  not  sent  to  reliability  testing. 


Figure  1 


MASTER  FAILURE  ANALYSIS  CHART 


ET  failure  found  In  ceJf 


Package  1 30° C  HAST  HAST  TC^S^'C/1 50°C  HTS  OPL  125''C 


Control 

6SL  CQJB 

0/22 

@  1296  Hrs 

0/24 

@  648  Hrs 

0/25 

@  2000  Cycles 

0/45 

@4125  Hrs 

0/24 

@  4000  Hrs 

Preconditioned 

Non-Prcconditioned 

68L  PLCC 

22/40 

@  1296  Hrs 

0/60 

@  1296  Hrs 

44/63  ^ 

@216  Hrs 

9/42  X 
@  648  Hrs 

X 

12/144 

@  2000  Cycles 

0/72 

@  4125  Hrs 

0/54 

@  4125  Hrs 

0/60 

@  4000  Hrs 

0/60 

@  4000  Hrs 

30  Volts 

14L  sac 

1/45  X 
@  1080  Hrs 

30/45  X 
@  1080  Hrs 

29/45  \ 

@  648  Hrs 

39/45  X 
@  216  Hrs 

0/150 

@1512  Cycles 

0/150 

@  1512  Hrs  i 

Nat  f'erfariTwd  ! 

Preconcfrtioned 

Non-Precondttioned 

14L  DIP 

25/45  '\ 

@  1080  Hrs 

1/45  X 
@  1080  Hrs 

39/45  X 
@  216  Hrs 

30/45  X 
@  648  Hrs 

0/150 

@1512  Cycles 

X 

4/150 

@1512  Hrs 

Control  30  Voits 

14L  CERDIP 

0/15 

@  1080  Hrs 

1/15  X 
@  1080  Hrs 

0/15 

@  648  Hrs 

0/15 

@  648  Hrs 

X 

1/50 

@  1512  Cydes 

0/50 

@  1512  Hrs 

|*erfQfmQ4 

Cum  Failures  /  Total  Sample  Size  @  Cum  Hours 
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Failure  Ajialysss-piBcess  flow: 
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Ceramic  and  Plastic  parts  which  failed  ET  were  sent  to  NSC  and  ROME  laboratories  for  F/A.  Parts 
were  grouped  into  test  cells  as  shown  in  figure  1.  The  following  process  flow  (  figure  2  )  illustrates  how  parts 
moved  into  NSC  F/A. 

Figure  2 


Low  Lead  Count  Packages 
(NWS  Crane) 


Accelerated  Reliability  Life  Test  ’‘ARLT" 

High  Lead  Count  Packages 
(NSC) 


13  Opening  Plastic  Packages: 


The  following  three  methods  were  used  to  open  plastic  packages:  Jet  Eteh-The  B&G-200  nitric 
decapsulation  system  ejects  a  fuming  stream  of  hot  nitric  and  sulfuric  acid  onto  the  surface  of  the  plastic 
package.  A  picture  of  a  jet  etched  part  is  shown  in  figure  3.  Plasma  Etch-The  Technics  /  GmbH-lOOE 
plasma  etcher  is  a  dry  decapsulation  system  which  employs  a  low  temperature  ashing  system.  The  system 
automatically  blows  off  the  sample  eveiy  10  minutes  to  maintain  an  optimum  etch  rate.  A  picture  of  a  plasma 
etched  part  is  shown  in  figure  3. 

Mechanical  -  Any  method  of  directly  opening  a  plastic  part  by  force. 


Figujne  3 


Ceramic  package 
with  lid  removed 


Jet-Etch  decap 


Partial  plasma  decap 

'i' 
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2.0  VIA  I^tionalc: 


The  following  general  procedures  were  used: 

Highly  Accelerated  Stress  Test  (  HAST  )-Plastic  samples  were  sent  for  CSAM  and  X-Ray  analysis  in  order 
to  investigate  potential  die  paddle  delamination.  Electrical  continuity  tests  were  performed  on  both  plastic  and 
ceramic  samples  to  verify  wire  bond  integrity.  Plastic  samples  were  decapped  by  jet  etch,  plasma,  and 
mechanical  techniques.  Ceramic  parts  were  "de-soldered*’  by  standard  techniques.  Optical  microscopy  and 
SEM  techniques  were  performed  before  and  after  PIQ  /  passivation  removal.  Several  wet  chemical  etches  were 
used  to  enhance  potential  defects:  (  KOH,  HCL,  10:1  HF,  Silicon  type  etches,  and  soap  ).  These  recipes  and 
others  can  be  found  in  Thin  Film  Processes  [1]. 

Temperature  Cycle  (  TC  )-Plastic  samples  were  sent  for  CSAM  and  X-Ray  analysis  in  order  to  investigate 
potential  die  paddle  delamination.  Plastic  parts  were  decapped  by  both  jet  etch  and  plasma  techniques.  Ceramic 
parts  were  ’’de-soldered”  by  standard  techniques.  Optical  microscopy  and  SEM  techniques  were  performed 
before  and  after  PIQ  /  passivation  removal.  Plastic  packages  that  are  subjected  to  temperature  cycling  usually 
show  signs  of  stress  induced  cracking.  Discussions  and  F/A  techniques  on  tliis  subject  can  be  found  in  the 
following  reference  [2]. 

High  Temperature  Storage  (  HTS  )-Plastic  samples  were  sent  for  CSAM  and  X-Ray  analysis  in  order  to 
investigate  potential  die  paddle  delamination.  Electrical  continuity  tests  were  performed  on  both  plastic  and 
ceramic  samples  to  verify  wire  bond  integrity.  Plastic  parts  were  decapped  by  jet  etch,  plasma,  and  mechanical 
techniques.  Ceramic  parts  were  ’’de-soldered"  by  standard  tecliniques.  Optical  microscopy  and  SEM  techniques 
were  performed  before  and  after  PIQ  /  passivation  removal.  Cross-section,  ball  shear,  and  wire  pull  tests  were 
used  to  investigate  possible  changes  in  bond  pad  metallurgy.  Several  discussions  on  HTS,  Intermetalhc  growth, 
and  Kirkendall  effects  can  be  found  in  references  [3] -[4]. 

Operational  Life  Test  (  OPL  )-No  failures  reported 

The  following  flow  chart  (  figure  4  )  illustrates  how  different  parts  moved  through  the  F/A  flow  sequence. 
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3.0  High  Lead  Count  Devices  (  HLC  )  Data  Summary: 

When  reading  sub-section  3.0  refer  to  figure  5-Master  High  Lead  Count  F/A  Chart-for  test  cell  information. 
Figure  5 


Master  HLC  Failure  Analysis  Chart 


Package  for  SCX  6244 

130°C  HAST 

159°C  HAST 

TC-65°C/150°C 

HTS  175°C 

OPL  125°C 

68L  CQJB 

No  Fails 

No  Fails 

No  Fails 

No  Falls 

No  Fails 

Control 

68LPLCC 

Precorxfitioned 

No  Fails 

No  Fails 

ULS12H 

12/21  ©216  Hrs 

12/36  ©  2000  Cycles 

ULS12HX 

iO/20  ©  1296  Hrs 

Precondticnecl 

vs 

X9074 

21/21  ©  216  Hrs 

N<rbpreocndticned 
part  Jckrtjty-inadvatently  lost 

B24 

12/20  ©  216  Hrs 

11/21  ©72  Hrs 

68LPLCX: 

Non-Preconcfrtioned 

No  Fails 

No  Fails 

No  Fails 

ULS12H 

ULS12HX 

5/21  ©  648  Hrs 

X9074 

B24 

4/21  ©  648  Hrs 

Cum  Failures  /  Total  Sample  Size  @  Cum  Hours  .  -  -  i-  -  =  Qq\\  f\]ot  PopUlatCd  ifl  DOE 
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3.1  HLC  /  68L  FLCC  /  Pa^conditioned  saiuples  from  HAST; 

Plastic  packages  molded  with  ULS12HX  and  B24  were  processed  tlnougli  F/A  as  shown  in  4. 

Ball  shear  data  are  listed  in  Table  1,  Wire  bond  continuity  tests  were  peifonned  on  each  part  listed  in  Table  L 

After  jet  etch  decap  and  PIQ  removal,  9  die  surfaces  were  optically  inspected;  most  areas  appeared 
defect  free.  In  addition,  6  die  surfaces  which  were  etched  in  KOH  did  not  show  signs  of  passivation  cracking. 

(  see  6  ). 


Table  1 


HLC  Ball  Shear  HAST 


Unit  Type 

HAST 

Average  Ball  Shear 

Sigma 

X9074  Preconditioned 

159°C  72  hours 

39.51 

14.96 

B24 

Preconditioned 

130°C  216  hours 

80.28 

13.99 

B24 

Preconditioned 

159°C  72  hours 

54,07 

14.36 

Unstressed  Plastic  Packages 

~90 

unlts-grams 


KOH  Etch 

No  Passivation  Cracks 
HAST  130°C  @  1296  hrs. 
ULS12HX  Preconditioned 
#  1 
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3.1  Continued  HLC  /  68L  PLCC  /  Fi^conditioned  samples  from  130^C  HAST: 


Figure  7  shows  the  typical  surface  of  the  aluminum  bond  pads  from  preconditioned  ISO'^C  HAST 
failures  @216  hours.  The  SEM/EDS  data  indicates  that  the  bond  pads  have  oxidized. 


SEM  &  EDS  Data 
"Normal" 

aluminum  bond  pad 
unstressed  device 
(  Non-Bonded  Pad  ) 


SEM  &  EDS  Data 
"Oxidized" 
aluminum  bond  pad 
HAST  130"^C  @  216  burs. 
ULS12HX  preconditioned 
(  Non-Bonded  Pad  ) 


HLC  /  68L  PLCC  /  Non-Precondition  /  130^C  HAST: 

Plastic  packages  molded  with  ULS12H,  ULS12HX,  and  X9074  did  not  fail  ARLT  @  1296  hours. 
No  survey  parts  were  analyzed. 
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HLC  /  68L  PLCC  /  Preconditioned  samples  from  159^C  HAST: 


Plastic  packages  molded  with  ULS12H,  X9074,  and  B24  were  processed  through  F/A  as  shown  in 
figure  4.  Ball  shear  data  for  packages  wiiich  failed  159°C  HAST  @  72  hours  are  listed  in  Table  1. 

SEM  inspections  on  preconditioned  159^C  HAST  failures  revealed  several  corroded  aluminum  bond  pads 
(  figure  8  ).  The  EDS  data  is  shown  in  figure  9. 


Figure  8 


Figure  9 


Corroded  Aluminum 
Bond  Pad 

HAST  159^C  @  216  hrs. 
X9074  U  15  preconditioned 
(  Non-Bonded  Pad  ) 


EDS  Data 

Corroded  Aluminum 

Bond  Pad 

HAST  159^C  @  216  hrs. 
X9074  #15  preconditioned 
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3.4  HLC  /  68L  PLCC  /  Non-Preconditioned  samples  from  159^C  HAST: 

Plastic  packages  molded  with  ULS12HX  and  B24  were  processed  though  F/A  as  shown  in 
figure  4.  The  first  failures  from  non-preconditioned  159*^0  HAST  occurred  at  648  hours.  Typical  SEM/EDS 
data  for  non-preconditioned  159°C  HAST  failures  are  shown  in  figure  10.  Note  the  dark  oxidized  material  on 
the  aluminum  bond  pad  in  figure  10.  The  fracture  surface  of  a  broken  gold  wire  bond  is  shown  in  figure  11. 
Note  that  part  of  the  aluminum  bond  pad  has  been  removed.  This  was  the  only  wire  bond  that  was  separated 
from  the  bond  pad.  Three  out  of  five  failed  devices  had  broken  bonds.  The  jet  etch  used  in  our  F/A  rarely 
removes  reliable  wire  bonds. 


Figure  10 


Figure  11 


SEM  &  EDS  Data 
Dark  Oxidation 
HAST  159°C  @  648  hrs. 
B24  U  9  Non-preconditioned 


/V 


Broken  Gold  Wire  Bond 
HAST  159°C  @  648  hrs. 
B24  #  9  Non-preconditioned 


3.5  HLC  /  68L  PLCC  /  Preconditioned  and  Non-Preconditioned  samples  from  (  TC  ): 

Plastic  packages  molded  with  ULS12H  ULS12HX,  X9074,  and  B24  were  processed  through  F/A 
shown  111  figure  4.  CSAM  was  performed  on  12  parts  (  ULS12H  )  that  failed  @  2000  cycles. 

see  figure  12  )  Note:  All  12  failed  devices  show  delamination 
Typical  X-Ray  images  are  shown  in  figure  13  Note  No  cracks  were  detected  on  any  of  the  12  failures 


Figure  12 


CSAM  After  2000  Temperature  Cycles 

ULS12H  {  6  of  12  failures  ) 


as 


Top  View 


Bottom  View 
Note  delammation 


3,5  Continued  HLC  /  68L  FLCC  /  Preconditioned  and  Non^Freconditioned  samples  firom  (  TC  ): 

Twelve  ULS12H  plastic  packages  failed  TC  @  2000  cycles.  The  ET  data  collected  from  ARLT 
indicated  that  shorts,  opens,  failed  diodes,  and  logic  problems  were  the  main  failure  modes.  Manual  pin  to  pin 
probing  identified  several  problem  input  structures.  This  data  was  used  to  create  a  ’’failure  map”  of  the  device 
Ten  of  these  parts  were  decapped  and  inspected  optically.  Only  a  few  small  defects  were  observed  in  the 
passivation  These  flaws  were  not  seen  with  the  SEM  both  before  and  after  PIQ  /  passivation  removal.  Several 
packages  were  prepared  for  LEM.  The  LEM  system  failed  to  find  any  hot  spots  or  high  current  areas. 

(  see  figuire  14  )  Note:  The  photo  shows  a  diode  in  ’’normal”  operation 


Figua^  1,4 


Typical  LEM  Emission 
Voltage  Applied  to  Vss 
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3.5  Continued 


HLC  /  68L  PLCC  /  Preconditioned  and  Non-Preconditioned  samples  from  (  TC  ): 


Two  "good"  die  which  passed  ET  after  2000  cycles  and  six  "bad"  die  which  failed  ET  after  2000  cycles 
were  etched  in  a  dilute  KOH  bath  for  10  minutes.  [The  2  "good"  dies  were  molded  with  X9074  and  ULS12H; 
The  6  "bad"  dies  were  molded  with  ULS12H]  Etch  results  are  shown  in  figure  15.  Cracks  in  the  passivation 
layer,  especially  near  the  die  corner  are  usually  a  sign  of  stress  induced  cracking  [3].  All  devices  packaged  with 
ULS12H  show  signs  of  stress  induced  cracking.  The  cracking  occurred  almost  exclusively  near  a  corner  Vss 
pin.  [#  45]  The  die  packaged  with  compound  X9074  did  not  show  any  signs  of  stress  induced  cracking. 


Figure  15 


KOH  Etch 
Passivation  Cracks 
@  2000  Temperature  Cycles 
ULS12H  Vss  Pm  45 


KOH  Etch 

No  Passivation  Cracks 

@  2000  Temperature  Cycles 
X9074  Vss  Pin  45 
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3.6 


HLC  /  68L  PLCC  /  Preconditioned  and  Non-Preconditioned  samples  from  (  HTS  ): 


Plastic  packages  molded  with  ULS12H,  ULS12HX  (  Preconditioned  ),  X9074,  and  B24  were 
processed  through  F/A  as  shown  in  figure  4.  There  were  zero  electrical  test  failures  @  4125  hours. 

Note:  Non-Preconditioned  ULS12HX  samples  were  not  included  in  the  HTS  portion  of  the  DOE. 

Six  packages  from  HTS  @  4125  hours  were  decapped  (  2  plasma,  4  jet  etch  ),  and  then  optically 
inspected;  the  wire  bonds  show  no  obvious  signs  of  degradation.  These  six  packages  were  sent  for  ball  shear 
and  pull  testing.  The  ball  shear  and  pull  strength  data  are  listed  in  Table  2.  The  ball  shear  and  pull  strength 
data  indicate  that  the  bonds  have  degraded.  (  Normal  shear  ~90  grams,  Normal  pull  ~13  grams  ) 


Table  2 


HLC  Ball  Shear  and  Wire  Pull  For  HTS  @  4125  Hours 


Unit  Type  Average  Ball  Shear  Sigma  Average  Puli  Strength  Sigma 


ULS12H  Non-Preconditioned 

27.59 

4.32 

2.73 

1.29 

X9074  Preconditioned 

52.72 

12.32 

4.32 

4.21 

B24  Non-Preconditioned 

31.57 

9.53 

2.35 

1.54 

ULS12HX  Preconditioned 

33.14 

4.68 

3.95 

3.30 

ULS12H  Non-Preconditioned 

N/A 

N/A 

2.74 

1.33 

U  LS 1 2H  Non-Precond  itioned* 

91.41 

8.75 

13.57 

1.19 

♦  Zero  hours  HTS  Unitsagrams 


Bond  Structure  For  68L  PLCC  /  SCX  6244 


Note: 

During  pull  testing 
first  bonds  failed  first. 


First  Bond  Second  Bond 


Au-ball  /  A1  (  Cu,Si  )-pad 


Au-wedge  /  Ag  plated-Cu  lead  frame 
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3.6  Continued  HLC  I  68L  PLCC  /  Preconditioned  and  Non>Pireconditioned  samiples  from  (  HTS  ): 


Figure  16  shows  the  metailograpliic  cross-sections  of  two  gold  wire  bonds.  Staining  teclmiques 
delineated  several  intemietallic  phases. 


Figure  16 


CrosS“Section 
Through  Gold 
Ball  Bond 

unstressed  sample 
0  Hours  HTS  175°C 
Non-Preconditioned 
ULS12H 


Cross-Section 
Through  Gold 
Ball  Bond 

Intennetallic  Growth 
4125  Hours  HTS  175“C 
Non-Preconditioned 

ULSi2H 


3.7  HLC  /  68L  PLCC  /  PreconditioEied  and  Non-Pi^conditioned  /  {  OPL  ): 

Plastic  packages  molded  with  ULS12H,  ULS12EDCi  X9074,  and  B24  did  not  tail  ARL/T  @  4000  hours 
No  survey  parts  were  analyzed. 

3.8  HLC  /  68L  CQJB  /  Ceomic  /  (  HAST,  TC,  HTS,  OPL  ); 

Ceramic  packages  did  not  fail  ARLT-No  bond  degradation  after  4125  hours  of  HTS. 


4.0  Low  Lead  Count  Devices  (  LLC  ): 

When  reading  sub-section  4.0  refer  to  figure  17-Master  Low  Lead  Count  F/A  Chart-for  test  cell  information. 


Figure  17 


Master  LLC  Failure  Analysis  Chart 


Package  for  LM124 

130°C  HAST 

159°C  HAST 

TC-65°C/150“C 

HTS  175°C 

5  Volts 

( PrecondltJooed  )  3400 

10/15  @  648  Hrs 
DLA-05#1-15 

5/15  @  648  Hrs 

DLA-04  #1-15 

14L  SOIC  B14 

1/15  e  1080  Mrs 
DLA-06#3m5 

14/15  e  432  Hrs 

DLA-06  #  1-15 

No  Fails 

No  Fails 

30  Volts 

( Preconditioned  )  3400 

5/15  e  1080  Hrs 

DIV\-05  #  46-eO 

15/15  @  216  Hrs 

DLA-05  #  16-30 

14LSOIC  B14 

13/15  e  324  Hrs 

DLA-04  #  46*60 

15/15  @216  Hrs 

DLA-04  #  16-30 

12/15  @  324  Hrs 

DLA-06  #  46-60 

9/15  @  216  Hrs 

DLA-06  #  16-30 

Preconditioned 

(5  Volts)  3400 

9/15  e  1080  Hrs 

DLA-01  #  46-60 

13/15  @  216  Hrs 

DLA-01  #  16-30 

Preconditioned 

Preconditioned 

14L  DIP  B8 

6/15  @  1080  Hrs 

DLA-62  #  46-60 

10/15  e  1080  Hrs 

DU\-03  #  46-60 

11/15  @  216  Hrs 

DLA-02  #  16-30 

15/15  @  216  Hrs 

DLA-03  #  16-30 

No  Fails 

3/50  @  1512  Hrs 
DLA-01  #111-160 
EMC-P1-3400 

Non-  Preconditioned 

(5  Volts)  3400 

1/15  e  1080  Hrs 

DU\-01  #  31-45 

9/15  @  648  Hrs 

DLA-01  #1-15 

1/50  @  1512  Hrs 
DLA-03  #111-160 
EMC-P4-B8 

14L  DIP  B8 

8/15  @  648  Hrs 

DLA-02  #1-15 

13/15  @  324  Hrs 

DLA-03  #1-15 

5  Volts  Control 

No  Fails 

No  Fails 

14L  CERDIP 

1/50 

@1512  Cycles 

No  Fails 

30  Volts 

Control 

DLA-07 

#61-110 

1/15  @  1080  Hrs 

DLA-07  #  46-60 

No  Fails 

14L  CERDIP 

Cum  Failures  /  Total  Sample  Size  @  Cum  Hours 
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4.1  LLC  /  5  Volts  /  14L  SOIC  samples  from  OO^C  HAST: 

One  failure  @  1080  hours-package  was  not  sent  to  F/A. 


LLC  /  30  Volts  /  141.  SOIC  samples  from  130°C  HAST; 


Plastic  packages  molded  with  3400.  3400X,  and  B14  were  processed  through  F/A  as  shov/n  iti  figure  4 
Two  plastic  packages  experienced  thermal  runaway  during  HAST  testing-see  figure  18. 
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Tliermal  Runaway  Failure  @,  ARLT 
130°C  HAST 


4.2  Continued  LLC  /  30  Volts  HL  SOIC  samples  from  130  C  HAST: 


Figure  19  shows  the  typical  surface  of  a  failed  device.  Optical  inspections  and  SEM/EDS  data  indicate 
that  there  is  cracked  passivation  broken  silicon,  and  corroded  aluminum  concentrated  near  the  power  pin  bond 
pad.  In  addition,  there  is  evidence  of  anodic  gold  dissolution,  stemming  from  the  power  pin  bond  pad. 

The  EDS  data  is  shown  in  figure  20 


Figure  19 


Corrosion  Near  Tlie  Power  Pm 
Gold  in  the  Field 
HAST  130'"C  @  432  hrs. 

14  L  SOIC  DLA-05 
3400  30  Volts 
U  46 


Figure  20 


EDS  DATA 
Gold  m  the  Field 
HAS!  130‘"C  @  432  hrs 
14  L  SOIC  DLA-03 
3400  30  Volts 
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LLC  /  Preconditioned  /  14L  DIP  samples  from  130°C  HAST: 


[5  Volts]  Plastic  packages  molded  with  3400,  3400X,  and  B8  were  processed  through  F/A  as  shown  in 
figure  4.  Figure  21  shows  the  typical  surface  of  a  failed  device.  Optical  inspections  and  SEM/EDS  data 
indicate  that  there  is  cracked  passivation,  broken  silicon,  and  corroded  aluminum  concentrated  near  the  power 
pin  bond  pad.  In  addition,  there  is  evidence  of  anodic  gold  dissolution,  stemming  from  the  power  pin  bond  pad. 
Note:  The  EDS  spectrum  and  SEM  image  are  shown  in  figure  22. 


Figure  21 


Corrosion  Near  The  Power  Pm 
HAST  130°C  @  324  lirs. 

14  L  DIP  DLA-02 
3400X  Preconditioned 
#  51 


Figure  22 


SEM  &  EDS  DATA 
Gold  in  the  Field 
HAST  130°C  @  324  hrs. 
14  L  DIP  DLA-02 
3400X  Preconditioned 
#  51 


keV 
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4.4 


LLC  /  Non-Preconditioned  /  14L  DIP  samples  from  130^C  HAST: 
One  failure  @  1080  hours-package  was  not  sent  to  F/A. 


4.5  LLC  /  5  Volts  /  14L  SOIC  samples  from  159 °C  HAST: 

Plastic  packages  molded  with  3400,  3400X,  and  B14  compounds  were  processed  through 
F/A  as  shown  in  figure  4.  Two  plastic  packages  were  decapped  and  inspected.  Power  pin  corrosion 
was  noted  on  both  samples  (  see  figure  23  ).  Packages  molded  with  B14  compound  failed  at  324  hours. 
Packages  molded  with  3400  and  3400X  compoimd  failed  at  648  hours. 


Corrosion 

HAST  159^C  @  324  hrs. 
14  L  SOIC  DLA-06 
B14  5  Volts 

#  3 
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Jt^lastic  pi 
in  figure  4.  CSA 
signs  of  paddle  di 


Figure  24 


CSAM  Image 
Delamination 
HAST  I59'’C  @ 
14  L  sore  DLA 
B14  30  Volts 


CSAM  Image 
Delamination 
HAST  159°C  @ 
14  L  SOIC  DLA 
3400X  30  Volts 


4,6  Continued  LLC  /  30  Volts  /  14L  SOIC  samples  from  159^C  HAST: 


Figure  25  shows  the  typical  surface  of  a  failed  device.  SEM/EDS  data  (  after  oxygen  plasma  )  are 
shown  in  figure  26.  Corrosion  was  found  on  several  bond  pads.  The  SEM  and  EDS  data  are  consistent  with 
bond  pad  /  field  corrosion.  Aluminum,  oxygen  and  silicon  can  be  found  on  any  damaged  area. 


Si 


Figure  26 


SEM  &  EDS  Data 
Corrosion 

HAST  159^C  @216  lirs. 
14  L  SOIC  DLA-05 
3400  U  19  30  Volts 


0.0  2.0  4.0 
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4.6  Continued  LLC  /  30  Volts  /  14L  SOIC  samples  from  159°C  HAST: 


The  EDS  data  taken  from  the  corroded  bond  pad  shown  in  figure  27  is  shown  below. 

Trace  amounts  (>.5%)  of  antimony  were  found  on  the  surface  of  the  power  pm  bosid  pad.  Antimony  is  a 
constituent  of  the  flame  retardants  used  in  the  test  mold  compounds  See  reference  [5]  for  a  discussion  of  flame 
retardants  and  corrosion 


Figure  21 


Corrosion  Near  The  Powei  Pin 
HAST  i59‘"C  @  216  hrs. 

14  L  SOIC  DLA~04 
3400X  #  29  30  Volts 


k] 


Co ni.aviii nation  on  pa.H 


EDS  Data 
Antimony  Peak 
HAST  159“C  @216  hrs, 
14  L  SOIC  DLA-04 
3400X  #  29  30  Volts 


4,6  Continued  LLC  /  30  Volts  /  14L  SOIC  samples  from  159''C  HAST: 


A  typical  cross-section  through  a  corroded  aluminum  bond  pad  is  shown  in  figure  28. 


Figure  28 


Cross-Section 
Corroded  Pad 
HAST  159°C  @  216  hrs. 
14  L  SOIC  DLA-05 
3400  #  19  30  Volts 


Cross-Section 
Non-Corroded  Pad 
HAST  159^C  @  216  hrs. 
14  L  SOIC  DLA-05 
3400  #  19  30  Volts 
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4.7  Continued  LLC  /  Preconditioned  /  14L  DIP  samples  from  159'"C  HAST: 

Optical  photographs  of  two  failed  devices  are  shown  in  figure  30.  Note  the  extreme  surface  damage 
near  the  power  pin  and  adjacent  field  area 


Figure  30 


Corrosion  Near  The  Power  Pm 
I59^C  HAST  @216  hrs. 

14L  DIP  DLA-02 
3400X  U  17 
Preconditioned 


Corrosion  Near  The  Power  Pm 
159°C  HAST  @216  hrs 
14L  DIP  DLA-03 
B8  #30 
Preconditioned 
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4.8  LLC  /  Non-Preconditioned  /  14L  DIP  samples  from  159''C  HAST: 

Plastic  packages  molded  with  3400.  IHOOX.  and  B8  compounds  were  processed  through  F/A  as 
shown  in  figure  4.  Two  plastic  packages  were  decapped  and  optically  inspected.  Both  devices  show  signs 
of  corrosion  near  the  power  pin  (  see  figure  31  ) 


Figure  31 


Corrosion  Near  The  Power  Pin 

159®C  HAST  @216  hrs. 

14L  DIP  DLA~03 
B8  #11 

Non-Preconditioned 
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4.9  LLC  /  14L  SOIC  md  14L  DIP  /  (  TC  ): 

No  failures  at  ARLT  @  1512  Cycles-No  survey  parts  were  analyzed. 


4.10  LLC  /  14L  SOIC  and  14L  DIP  /  samples  from  (  HTS  ): 

Only  one  sample  /  DLA-03  /  14L  DIP  @  1080  hours  was  sent  to  F/A.  The  package 
was  decapped  by  a  non-standard  plasma  technique  which  etched  and  destroyed  the  surface  of  the  die. 


4.11  LLC  /  14L  CERDIP  /  5  Volts  /  130°C  &  159^C  HAST: 

No  failures  at  ARLT-No  survey  parts  were  analyzed, 

4.12  LLC  /  14L  CERDIP  /  30  Volts  /  saBnpIes  from  130^C  &  i59°C  HAST: 

One  ceramic  failure;  130^C  HAST  @  648  hours.  The  sample  was  not  received  m  time  for  F/A. 

4.13  LLC  /  14L  CERDIP  /  samples  froiiM  (  TC  ): 

One  ceramic  failure  @  1080  Cycles:  After  the  lid  was  removed  jfrom  the  ceramic  package, 
the  die  was  inspected  with  a  high  power  scope  and  SEM.  The  die  surface  appeared  clean  and  defect  free. 
A  photograph  showing  the  field  area  is  shown  below  (  see  figuB^  32  ).  PuO  tests  were  used  to  check  the 
integrity  of  the  wire  bonds.  The  pull  strength  results  are  listed  in  Table  3,  The  values  listed  are  within  the 
aluminum  wedge  bond  specification  limits.  (  Normal  values  ~5  grams  )  KOH  etch  was  used  to  check  the 
integrity  of  the  passivation.  The  results  are  shown  in  33. 


Table  3 

DLA-07  /  CERDIP  /  #  78 


Pull  Strangth  after  1080  Tesaapefi^turB  Cycles 
Average  =  5.1  grams  Std  dev.  =  .5  grams 


Figure  32  14  L  CERDIP  @  1080  TC  FigaflB^  33  KOH  Etch 

No  passivation  damage 


4.14  LLC  /  14L  CERDIP  /  (  HTS  ): 

No  failures  at  ARLT  @1512  hours-No  survey  parts  were  analyzed. 


27 


5.0  Summary  for  (  HLC  and  LLC  ): 


5.1  HLC  plastic  HAST  results;  The  optical  photographs,  SEM,  and  EDS  data  of  failed  parts 

show  that  preconditioned  plastic  packages,  exhibit  alurninum  bond  p3^d  corrosion  after  216  hours  of 
130^C  HAST.  (  page  7  ) 

5.2  HLC  plastic  159''C  HAST  results:  The  optical  photographs,  SEM,  and  EDS  data  indicate  that 
preconditioned  and  non-preconditioned  plastic  packages  exhibit  aluminum  bond  pad  corrosion.  The  exact 
mechanism  which  generated  corrosion  has  not  been  determined.  The  ball  shear  data  for  preconditioned  parts 
shows  that  bond  degradation  occurs  after  72  hours  of  159''C  HAST  (  page  6  ).  SEM  images  of  fractured 

(  lifted  )  gold  wire  bonds  show  evidence  of  intermetallic  growth  after  648  hours  of  159'^C  HAST.  Both 
corrosion  and  gold  wire  bond  degradation  can  lead  to  gross  ET  failure  (  open  circuits  ).  Note:  159^C  HAST 
failures  (  @  216  hours  )  exhibit  a  greater  degree  of  bond  pad  corrosion  on  unbonded  pads  as  compared  to 
130°C  HAST  failures  (  @  216  hours  ).  (  page  7  &  8  ) 

53  HLC  plastic  TC  results:  KOH  etch  solution  was  used  to  etch  the  underlying  circuit  metal  to  confirm  failure 
of  the  passivation  integrity.  The  12  plastic  packages  which  failed  TC  @  2000  cycles  exhibit  passivation  stress 
cracks  near  a  comer  Vss  pin  (  #45  ).  All  failed  devices  were  from  the  ULS12H  compound.  A  non-failing 
IJLS12H  device  was  analyzed  and  similar  cracks  were  found.  One  non-failing  X9074  compound  device  was 
also  analyzed  and  did  not  show  evidence  of  stress  cracking.  (  page  12  ) 

5.4  HLC  plastic  HTS  results:  There  were  no  failures  from  HTS.  Ball  shear  data  shows  that  bonds  exhibit 
degradation  during  HTS.  (  page  13  )  Meta llo graphic  cross-sections  through  gold  wire  bonds  and  aluminum 
bond  pads  show  the  presence  of  intermetallic  compounds.  A  zero  hour  unit  showed  the  typical  thin  intermetallic 
region  between  the  aluminum  bond  pad  and  the  gold  ball  bond.  A  4125  hour  unit  showed  significantly  more 
intermetallic  region,  and  the  presence  of  at  least  two  intermetallic  phases.  (  page  14  ) 

5.5  LLC  plastic  130''C  HAST  results:  The  optical  photographs,  SEM,  and  EDS  data  show  that  the 
preconditioned  failures  exhibit  gross  aluminum  bond  pad  corrosion  at  the  power  pin  after  216  hours  of  HAST. 
This  corrosion  occurred  on  30  Volt  SOIC  and  5  Volt  DIP  packages.  This  corrosion  often  extended  well  into  the 
chip  circuit  area,  beneath  the  chip  passivation.  5  Volt  DIPs  and  30  Volt  SOICs  exhibit  gold  dissolution  at  the 
power  pin.  (  page  17  and  18  ) 

5.6  LLC  plastic  159'^C  HAST  results:  The  optical  photographs,  SEM,  and  EDS  data  show  extensive  aluminum 
bond  pad  corrosion,  near  the  power  pin  on  all  failed  parts,  similar  to  the  130°C  HAST  failures.  Corrosion  also 
occurred  at  other  bond  pad  locations  but  always  most  advanced  at  the  power  and  ground  pads.  (  page  21  ) 

5.7  LLC  ceramic  TC  results:  One  ceramic  failure  @  1080  cycles.  Pull  strength  data  shows  that  the 
aluminum- to-aluminum  wire  bonds  have  not  degraded.  KOH  etching  did  not  reveal  cracks  in  the  surface 
passivation.  No  physical  cause  for  failure  was  identified.  (  page  27  ) 


Number  of  Samples  Used  for  F/A 


Package  Type 

Total  Fails 

#  Inspected 

Other  Survey  Samples 

Totals 

HLC  68  Lead 

87 

38 

32 

70 

LLC  14  Lead 

200 

45 

10 

55 

Total  Plastic  and  Ceramic  Packages 
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6o0  Recommendatiom: 


Future  projects  which  were  beyond  the  scope  of  this  effort,  might  include:  1)  Sampling  corrosion 
products  using  ESCA  and  SIMS  thus  characterizing  various  types  of  corrosion  more  completely.  2)  Derive  the 
various  empirical  equations  representing  the  relationships  between  defect  type  and  stress  test  parameters. 

3)  Study  the  root  cause  of  failure  on  the  parametric  level. 


7.0  F/A  Tools  /  Refei^Hces 


7.1  Failure  Analysis  Tools: 

Optical  /  Stereo  Microscopy:  Nikon  microscopes  /  Light  and  Dark  field  illumination  /  DIG 

CSAM:  C-mode  /  10  megahertz 

SEM:  JEOL  /  .2  Kev-30  Kev  /  20X  to  400,000X 

EDS:  Energy  Dispersive  Spectroscopy:  PGT  /  SEM  electrons  generate  characteristic  X-rays  / 
/  elemental  detection  typically  .5  %  (  Boron-Uranium  )  / 

X-Section:  Epoxy  encapsulation  and  mechanical  cross-sectioning  of  samples. 

Ball  shear:  SAG  244  Wire  pull:  MCT22  /  destructive  and  non-destructive  / 

Pin  to  Pin  probe:  Manual  electrical  probing. 

LEM:  Hot  electron  analyzer  /  Detects  the  very  faint  light  emitted  from  high  current  areas.  / 
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Considerations  For  The  Design  of  Integrated  Circuits,"  IEEE  4th  international  Symposium  on  the 
Physical  &  Failure  Analysis  of  ICs,  Singapore,  November,  1993. 

3.  Michael  G.  Pect,  Luu  T.  Nguyen,  Edward  B.  Hakim,  (Eds.), 

PLASTIC-ENCAPSULATED  MICROELECTRONICS 

(  New  York,  NY.  :  John  Wiley  &  Sons,  INC.,  1995  ). 

4.  Robert  E.  Reed-Hill,  Physical  Metallurgy  Principles  (  New  York,  NY.  :  D.  Van  Nostrand,  1973  ). 
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